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Abstract 
ThIs thesis contams three main chapters. The first chapter IS a revIew oflactacystm and 
its derivatIves mcludmg syntheses by other groups, biosynthesIs and bIOlogical actIvity 
Chapter two contams work performed m our group and the final chapter reports the 
experimental details of the synthetIc work. 
Our synthetIc approach towards the synthesis of lactacystin mcludes a Dleckmann 
cychsation of a suitable dIester compound This provIdes us the lactam core of the 
natural product. The diester compound can be formed by the condensation of N-
protected glycme ethyl ester with a malonyl chloride The C-3 methyl mOIety was 
introduced by quenchmg the salt formed from the Dleckmann cyclisatlOn 
The next stage of the work focused on the formatIOn of the c-s quaternary centre Usmg 
methyl cyanoformate mtroduced a methyl ester group reglOselectively We expenenced 
dIfficulty m introducing the hydroxyisobutyl functIOn In order to mtroduce the 
hydrox),!sobutyl moiety m one step, an aldol condensation WIth Isobutyraldehyde was 
attempted. Under the vanous condItIOns utihsed, thIS was unsuccessful. Usmg 
formaldehyde to construct the hydrox),!sobutyl functIOn over three steps gave an 
unsatIsfactory yield. However, we found that carrymg out an aIlylatlOn WIth methaIlyl 
bromide introduced the correct carbon framework and gave us the full carbon skeleton 
of our desired mtermedlate 142. 
Attempts to mtroduce the C-9 hydroxy function are ongomg. An aIIyhc oxidation or an 
olefin migratIOn were consIdered the most likely routes, but both faIled. TransformatIOn 
of the alkene to a ketone was successful and therefore raIsed the posslblhty of c3rr)'1ng 
out an a-hydroxylation. We found that the C-4 keto function must be reduced to an 
alcohol before an a-hydroxylation can be attempted. 
The syntheSIS has been repeated WIth a p-methoxy benzyl protectmg group on the 
nItrogen atom. This was due to the mablhty to remove a benzyl group from thIS posItIOn 
at a later stage m the synthesis We have shown that, III contrast the p-methoxy benzyl 
group can be removed usmg cenc ammOnIum nItrate 
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1. Introduction. 
STUDIES TOWARDS THE SYNTHESIS OF LACTACYSTIN 
1.0 Introduction 
Lactacystm 1 (Figure 1) is a microbial product Isolated from Streptomyces species OM-
6519 by Omura et al l ,2 by screening several thousand microbial cultures It was 
conSidered to be an Important mimic of nerve growth factors (NGF). These compounds 
are responsible for the functIOn of nerve cells, and a defiCiency of these IS thought to 
cause nerve related diseases such as Alzheimer's and Parkmson's. 
It was later found to induce neunte outgrowth of a neuro 2A (neuroblastoma) cell lme, 
and inhibit both the growth of synchronised 2A cells and MG-63 human osteosarcoma 
cells 3 
Figure 1 
1 
Labelling studies carned out by Schrelber4 revealed that lactacystin acts m a unique 
fashIOn by irreversibly mlubltIng the proteolytiC actIvity of the 20S proteasome 2 
(Figure 2). This is a large, hollow cylindncal protein structure (mass 700 kD, length -
150 A, diameter - 100 A) composed of four stacked nngs of seven protem subUnIts. 
The proteasome IS essentIal for the turnover of cellular proteins and for the removal of 
damaged mutated protems 5 
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Figure 2 
Thr 
2 
The study found slmilanties in the trends III blOactlvity for lactacystm and analogues for 
IllhlbltlOn of the 20S proteasome to those found in the mhlbition studies previously 
performed.3 This leads to the likehhood that the proteasome IS the cellular target of 
lactacystm. Further expenmentatlOn suggested that lactacystm deactivates the 
proteasome by acylation of the amino termmal threomne umt of a protein subumt. This 
result was later confirmed by X-ray crysta1lography at 24 A resolution 6 The C-4 
carbonyl carbon of lactacystm IS suffiCiently e1ectrophlhc to perform an acylatIOn of a 
cellular target 
Scheme 1 
-NAC 
. 
o +NAC 0 
1 3 4 
~teasorne 
o 
5 6 
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It is now thought that lactacystm itself is not a proteasome inlubltor, but that it 
undergoes aqueous hydrolysis to the dlhydroxy aCid 4 vza clasto-Iactacystm ~-Iactone 
3.5 The ~-Iactone 3 can permeate cell membranes, unlIke lactacystm, and once mSlde 
the cell the ~-Iactone 3 has several fates. 7 It can be hydrolysed to the dlhydroxy aCid 4, 
it can mactIvate the proteasome by acylatIOn of a termmal threonine unit to give the 
covalent complex 6 or It can react With glutathione (GSH) to give the species called 
lactathione 5. The abilIty of lactathlOne 5 to regenerate the ~-Iactone 2 spontaneously 
suggests that lactathlOne acts as a reservoir for the prolonged release of the active 
species (Scheme 1). 
As a consequence of these findmgs, lactacystm 1 and the ~-Iactone 3 have become 
Important tools for the study of protem biochemiStry and cell bIOlogy, and have 
generated great mterest as a synthetIc target. 
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1.1 Literature Review ofLactacystin 
1.1.1 Previous syntheses of lactacystin 
The lactacystm skeleton can be divided into two mam portions, a substItuted 
pyroglutamlC aCid 4 and N-acetyl-(R)-cysteine 7 (Scheme 2). The pyroglutamic aCid 
portIOn IS an mteresting target with four chlral centres, one of which IS a stencally 
demandmg quaternary centre. Wlthm four years of its diSCOVery, four syntheses had 
been reported. 
Scheme 2 
1 4 
+ HS~COOH 
NHAc 
7 
Corey and co-workers were the first to report a synthesIs of lactacystin (Scheme 3).8 
Convertmg N-benzylsenne methyl ester mto the ClS oxazolidme derivatIve 8 followed 
by an aldol condensatIon with Isobutyraldehyde gave 9 m 98% Isomeric punty after 
recrystallIsation. Cleavage of the oxazolIdme, sIlylation and treatment with 
parafonnaldehyde gave 12, and reductIOn followed by re-oxidatIOn gave the 
mtennediate 13 Aldol condensation With 2,6-dlmethylphenyl propIOnate under Pirrung-
Heathcock anti-aldol condltIons9 gave 14 as a 3:2 mixture of separable 
dlastereOIsomers. Hydrogenolysls gave the bicyclic lactam 15, followed by desilylatIOn 
and OXidatIon to fonn the acid 16. The N/O bridge was removed using 1,3-
propanedlthiol to give 4 and esterification With bls (2-oxo-3-oxazolidmyl)phosplunic 
chlonde (BOpel), triethylamine and N-acetylcysteme allyl ester gave 17. DeallylatIOn 
With a tnethylammomurn fonnate-Pd(O) system led to the fonnation oflactacystIn 1. 
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Scheme 3 
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Reagents and Conditions: a) LDA, LIBr, Isobutyraldehyde, THF, -78 cC, 51%, b) MeOH, TfDH, 80 
cC, 91%, c) TBSCI, mudazole, DMF, 23 cC, 97%, d) TsOH, (CH,O)" benzene, 96%; e) I LIBH.,ITHF, 
MeOH, 23 cC, 11 DMSO, (COCI)" EtJN, DCM, -78 cC, 85%, f) LDA, THF, 2,6-
dlmethylphenylpropIOnate, 48%, g) H" PdlC, EtOH, 23 cC, 87%, h) I 5% HF/CH,CN, 23 cC, 90%, 11 
DMSO, (COCI)" Et,N, DCM, -78 cC, 73%, 111 NaCIO" NaH,PO" I-BuOH, 2-methyl-2-butene, 23 cC, 
95%, I) 1,3-propanedlthIOI, 2% HCIICFJCH,OH, 50 cC, 95%, J) N-acetylcysteme allyl ester, BOPCI, 
Et,N, DCM, 23 cC, 79%, k) Pd(PPh,)" HCO,H, Et,N, THF, 23 cC, 84% 
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The main drawback of thiS synthesIs was the poor selechVlty of the aldol reachon 
between 13 and 2,6-dlmethylphenyl propIOnate. The Yield was later mcreased to 56% 
but they were unable to Improve the selectivity. Their hypotheSIs for the poor selechvity 
was that the re and SI faces of the aldehyde are not sufficiently dissmular stencally 
(Figure 3). 
Figure 3 
O~ Ph 
) .. """, 0 NII''''''/ 
SI re 
OR 
13 
Corey later reported Improvements to the aldol reactlOn,1O firstly usmg methodology 
developed by Braun Via a zlrcomum enolate of 2-silyloxy- I ,2,2-tnphenylpropionateY 
Treatment of 13 With the enolate resulted m full conversIOn to the four Isomeric aldol 
products m 32:2:2: I ratIO, With the desired 6S, 7 R isomer 18 bemg isolated in 80% yield 
(Scheme 4). When the opposite enantlOmer of the Braun ester was used, the 6R,7S 
Isomer could be obtamed from re face attack. Hydrogenolysis and diazomethane 
treatment followed by cychsatlOn proVided 15. This was advanced to the acid 4 as 
descnbed above8 and the thiol ester couplmg was achieved by forming the ~-lactone 3. 
When treated With N-acetylcysteme allyl ester and triethylamme the lactacystm allyl 
ester 17 was formed. 
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Scheme 4 
GIGp2ZrO ~h 
Bn GHO hOTMS 
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Ph b 
",,, ....... OTBS 
I',,,\"" 
13 18 
0 0 0 
c NH d e 
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Reagents and Conditions: a) THF, -20°C, 80%, b) I H2, Pd/C, 11 CH2N" 111 MeOH, 64%, c) see 
Scheme 3, d) BOPCI, EtJN, CD,Cl" 23°C, 20 mm, 95%, e) N-acetylcysteme allyl ester, EtJN, DCM, 23 
cC, 30 mm, 90% 
A four-fold excess of the dural enolate was required for full conversion of 13 and 
subsequent reactions WIth the Braun ester in place were sluggish. As a result Corey 
made a further modIficatIon, thIS tIme usmg a magnesium catalysed aldol 
condensatIOn 12 
The strategy took advantage of the metal chelation between the N-benzyl mtrogen atom 
and the aldehyde oxygen atom of 13, to perform a Mukmyama-type aldol condensatIOn 
(Scheme 5). Test reactIOns were performed usmg the TBS enol of ethyl acetate with 
vanous LewIs acids MgIz was found to give complete dIastereoselectivity. ThIS was 
then repeated WIth methyl propionate whIch gave high si face selectiVIty. Compound 19 
was Isolated as the major adduct in a 9·1 excess over the minor isomer. It was then 
advanced to the acid 4 as shown. 
DaVldLeach - 10- PrevIOus Syntheses of Lactacystm 
Scheme 5 
0 OMe 
Bn , CHO r=<0TMS 
(Nj''',,_OTBS OMe B,I;lO b 
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.. N 
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o ''''', 
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0 Ill", 
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"'OH 
20 4 
Reagents and Condlllons: a) Mgr" DCM, -20°C, b) I H2, Pd/C, EtOH, D1PEA, 23°C, 30 h, 11 MeOH, 
55°C, 20 h, III 5% HF/CH3CN, 23°C, 24 h, 76%, c) I EtJN, DMSO-(COCl)" DCM, -78°C, U 
NaCl02, NaH,PO" I-BuOH, 23°C, III 1,3-propanedlthlOl, HCl, CF3CH,OH, 55°C, 8 h, 77% 
The preferential formatIOn of the anti aldol product was thought to be due to the 
chelahon of Mgr resulting In a low energy translhon state as shown (21, Figure 4). This 
structure has much less stenc repulsIOn than the alternahve geometries, for example 22, 
which would give the syn aldol product 
Figure 4 
I 
Ph \ 0 I (f)Mg~ 
.'" ; rN 
R 
H 
o 
21 22 
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Ohfune and co-workers enVIsaged that the two chiral centres of the mtermedlate 12 of 
Corey's synthesis8 (Scheme 6) could be synthesised by an asymmetnc Strecker 
synthesis. 13 
The Strecker precursor 25 was synthesIsed by condensatIon of the dlthiane 23 and 
isobutyraldehyde followed by a reduction and protectIOn of the primary alcohol to gIVe 
24. The ketone was unmasked usmg Hg(Cl04)2 and the secondary alcohol was esterified 
with N-Boc-phenylalanme. Removal of the N-protectmg group gave the mtennediate 
25. 
The key step of the synthesIs was perfonned usmg magnesium sulfate and sodIUm 
acetate to promote Imme fonnatlOn. The imme was not isolated, but when treated wIth 
sodIUm cyamde gave 27 as a smgle Isomer. The exclusIve dlastereoselectIVlty was 
accounted for by the attack of a cyamde ion on the intermediate 26 as opposed to an 
alternatIve intennediate, whICh is more sterically encumbered by the Isopropyl moiety 
Reacting the product 27 With ozone gave an Imme, which when treated With HCI 
allowed hydrolYSIS of the mtnle group, along With plvalate deprotectlOn, to give the 
amino acid 28 Boc protectIOn of the amme functIOnality, estenficatlOn With 
diazomethane and deprotectlOn of the amine followed by reprotectlOn with a benzyl 
group by reductive ammation, gave the Corey mtennedlate 10. This was advanced to 
the oxazolidme 12 using Corey's procedure. 
DaVld Leach 
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Scheme 6 
(lC02Et (ly'" O~ a,b c H N d .. .. 200 OPIV--HO 
'Ph 0 
23 24 25 
e,f 
26 27 
C02H H C02Me Bn, C02Me 
H2Nj""'OH g,h Bn'" N j""'OH (Nj"",_OTBS ... ... 
HO ""'( HO "'.,( o ""'\ 
28 10 12 
Reagents and Conditions: a) LDA, IsobutyraIdehyde, THF, -78 cC, 1 h, b) I LtAlH" Et20, rt, 45 mm, 
11 PlvaIoyI cWonde, pyndme, DCM, rt, 14 h, 76 % from 23, c) I Hg(CIO,)z 5H,O, CaCO" THFIH,O 
(5 1), rt, 30 mm, 11 Boc-L-Phe, DCC, DMAP, DCM, 0 cC, 13 h, 69% (two steps), III TFNDCM (1 1), rt, 
15 mm, d) I MgSO" AcONa, ACN, rt, 40 mm, 11 NaCN, TFA, I-PrOH, rt, 19 h, 56%, e) 0" AcOEt, -78 
cC, 84%, f) conc, HCI, 0 cC, 1 h; rt, 1 h, and 100 cC, 24 h, g) I Boc,O, Me.,NOH 5H20, CAN, rt, 48 h,ll 
CH,N2, 52% (three steps), h) I TFNDCM (1'1), rt, 15 mm, 11 PhCHO, NaBH,CN, MeOH, rt, 2 h, 83% 
(two steps), I) see Scheme 3 
Shortly after Corey's first synthesis, Omura et al produced an altemalIve strategy for 
the total synthesis of lactacystin, usmg 2(R), 3(S)-~-hydroxyleucine methyl ester 29 as 
the startmg material (Scheme 7),14,15 Treatment WIth methyl benzlmldate gave the 
oxazohne 30, which was followed by an aldol condensalIon usmg Seebachs' protocol16 
to gIve 31, OxidatIOn using PCCl7, Dess-Martm reagent18 and the Swem methodl9,20 
were problemalIc However Moffat oxidation21 was successful and gave the aldehyde 
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32, on which an allylboration22,23 reaction was performed to give 33 as a 4 I mixture of 
dlastereolsomers Ozonolysis With reductive work-up followed by selective OXidatIOn 
gave the carboxylic acid 34 after one step cleavage With RuCbINaI04 or OsO~aI04 
proved unsatisfactory. Transfer hydrogenatIOn of the oxazohne, ester hydrolysis and 
concomlmtant lactamlsation gave the Intermediate 4. The final two steps were 
developed by Corel and furnished the natural product 1 In 13% total yield over the 10 
steps 
Scheme 7 
90 2Me OH ~2 I a ,pr,(",:N b y<:C02Me c 'Pr ' 
C02Me " .. N ... 
OH OJ( OJ( Ph Ph 
29 30 31 
0 0-,0H ~OH 
11 y:C02Me d 
> C02Me H02C > C02Me f 
,pr0,N 
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.. ,pr0,N 'Pr 
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oJ( OJ( OJ( 
Ph Ph Ph 
32 33 34 
~ aIIYI02C.,'(N~ g h HO ••• -' N 0 .. S ~ " 1 
--r-'OHH 
•• ' N 0 
-rOH
H 
4 17 
Reagents and Conditions: a) Ph(MeO)C=NH, 72%, b) LHMDS, HCHO, 85%, c) DMSO, DCC, W, d) 
(E)-crotyl(dllsopmocamphenyl)borane, 70%, e) 1. 0" DMS, II NaCIO" NaH,PO" 56%; f) 1 Pd, 
HCO,NH" II 0 I N NaOH, 82%, g) BOPCI, Et,N, N-acetylcysteme allyl eSler, 79%, h) Pd(PPh,)" 
HCO,H, EI,N 
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A more recent strategy publIshed by Panek and Masse24 complements the synthesis by 
Omura et al14,15 by using the hydroxyleucine-denved oxazolIne 30 (Scheme 8) TheIr 
first objective was to develop a more practIcal synthesIs of 29, as the most efficient 
procedure avaIlable required ten steps 
An asymmetrIc ammohydroxylation of 35 usmg the benzylcarbamate-based Sharpless 
aminohydroxylation25,26 gave 36 with good levels of regioselectIvity (7:1) and 
enantlOselectlVlty (87% ee). TransesterificatIon to the methyl ester and removal of the 
protectmg group by hydrogenolysls gave 29. Treatment of 29 with 
trImethylorthobenzoate m the presence ofTsOH gave the oxazoline 30 The preparatIOn 
of the heterocyclic aldehyde 32 was perfonned using the Seebach aldol reactlOn16 to 
Scheme 8 
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o ~ 
35 
1 ~H2 
/yyOMe 
c 
OH 0 
29 
M~CHO , N f 
0»-. Ph • 
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a 
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OH 0 ~ 
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31 
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Br 
e 
HO~ HO C02H M~ M~ 'N - g ))-Ph • N h,l »-. • 
o Me02C o Ph 
37 34 
1 
Reagents and Conditions: a) K,[OsO,(OH),] (5 mol%), (DHQ),AQN (5 mol%), cbzNNaCl, n-PrOH, 
H,O, rt, 60%, b) I MeOH, TI(O,-Pr)" rt, 11 H" 10% PdlC, MeOH, 100%, c) PhC(OMe)" TsOH, DME, 
reflux, 85%, d) LHMDS, HCHO, THF, -78 'C, 85%, e) DMSO, DCC, f) (S,E)-methyl 3-
(tnmethylsllyl)hex-4-enoate, TICl" -78 'C to 35 'C, 60%, g) I. 0" Me,S, 2. NaC10" NaH,PO" 90%, h) 
I Pd, HCO,NH." 11 0 1 N NaOH, 111 BOPC1, Et,N, 80%, I) N-acetyl-L-cysteme, Et,N, DCM, rt, 70% 
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give 31 followed by Moffat oXldatlOn21 as publIshed by Omura et aI14,15. The crotylatlOn 
reactIOn was performed with a chlral sllane reagent m the presence ofTICI4,z7 mstead of 
the crural crotylboron species used m the Omura synthesis. This strategy produced 37 
and gave enhanced levels of dlastereoseleclIvity. OXldalIve cleavage of the olefin by 
ozonolysis followed by OXidatIOn gave the aCid 34. Compound 34 was then advanced to 
the natural product using the procedure publIshed by Omura. 
Baldwin's synthesIs of lactacystin28 mvolved the stereos electIve Mukaiyama29 aldol 
reaction of the sllylpyrrole 38 With Isobutyraldehyde (Scheme 9). The groups' first 
focus was on the screenmg of Lewls acids for the aldol reactIOn 30 It was found that tm 
(IV) chloride m dlethyl ether gave the deSired aldol adduct 39. Other solvents or 
different Lewls acids gave either lower yields or larger quantllIes of the undesired 
products 
Scheme 9 
'n TBSO.A..t--{~ 
L Ph~" 0 
lsobutyraldehyde \--. '( 
--------..... _ oJ..:X."·OH 
-78 QC, solvent, LewIS aCId I 
38 
Lewis Acid Solvent 
1 eqUlv BF3 OEt2 Et20 
1 equiv SnCl4 Et20 
2 equivSnC~ Et20 
2 equlV SnCl4 DCM 
~O Ph~" 
39 
Yield 39 
15 
32 
63 
trace 
40 
Yield 40 
64 
10 
trace 
trace 
The change m selectlVlty for BF3.0Et2 and SnCl4 was ratIOnalIsed by the transitIOn 
states shown in Figure 5. When usmg BF3.OEt2, attack of the aldehyde occurs from the 
opposite face of the N/O nng due to stenc hmdrance. When polydentate chelatIOn IS 
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utlhsed such as with SnCI4, it IS assumed that the Lewls aCid che1ates to the aldehyde 
and the ammal oxygen as in 42. 
Figure 5 
41 42 
The synthesis onginated from (R)-glutamlc aCid and the blcychc oxazolidine 43 was 
synthesised m three steps (Scheme 10).31.32 MethylatIOn, selenatIOn and oXidation gave 
44; tlus was followed by silylatIOn With TBS-OTf to YIeld 45 An aldol condensatIOn 
With Isobutyraldehyde in the presence of SnCl4 gave 46 after acetylation. The dIOI 47 
was fonned usmg OsO,JNMO, the tertiary alcohol was removed via the cychc 
thIOcarbonate With BU3SnH,33 and treatment With NaOH gave 48. Hydrogenolysis to 
give the !nol 49, followed by protection of the secondary alcohols as acetyls gave 50. 
OXidatIOn of the priniary alcohol to the carboxyhc aCid With Jones' reagent, followed by 
saponificatIOn gave the aCid 4 The final transfonnation to lactacystm was carried out as 
described in Corey's protocol. 8 
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Scheme 10 
O,J)"", a,b,c O}:;"", d .~ e,f I • • TBSO N .. 
Ph)-O / Ph)-O Ph)-O 
43 44 45 
M I" g 'I, h,IJ I "·OH k o 1'1, OAc .. 1" OAc .. • N ~ 0 N ) 0 Nil , 
Ph)-O 
I 
Ph)-O Ph)-O 
46 47 48 
I,m n,o p,q 
.. 1 
49 50 4 
Reagents and Conditions: a) LDA, Mel, THF, -78 'C, 95%, b) LDA, PhSeBr, THF, -78 'C, 79%, c) 
0 3, DCM, -78 'C, pyndme, 87%, d) TBS-OTf, 2,6-lutldme, DCM, rt, 89%; e) l-PrCHO, SnCI., ether, -78 
'C, 55%, f) Ac,O, pyndme, rt, 99%, g) OsO" N-rnethylmorpholme N-oxlde, aqueous acetone, rt, 87% 
(two cycles), h) N,N'-tlnocarbonyldturude, THF, rt, 91 %; I) BU3SnH, AIBN, toluene, reflux, 94%, J) 2 N 
NaOHlMeOH (1 3),0-3 'C, 94%, k) H" Pd/C, HCI, MeOH, rt, 87%, I) Et3SICI, pyndme, Ac,O, rt, 89%, 
m) 40% HF, CH3CN, rt, 91%, n) Jones' reagent, acetone, 0 'C to rt, 91%, 0) 02 N NaOH, rt, 
quantttattve, p) (R)- N-acetylcysteme allyl ester, BOPCI, Et3N, DCM, rt, 60%, q) Pd(PPh3)" HCO,HNEt3, 
THF,rt,88% 
Kang and co-workers produced a synthesis of the tnol mtermediate 49 of Baldwm's 
synthesIs (Scheme 11).34 The epoxIde 51 was treated with LDA to give an allylic 
alcohol. The pnmary alcohol functionality was converted to a tnchloroacetImIdate 52 to 
whIch mercuric tnfluoroacetate was used to gIve a 1'1 isomeric mixture of oxazolInes 
53 by mercunoamidatlOn. Treating 53 with TEMPO resulted in demercuratIon to gIVe 
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Scheme 11 
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Reagents and Conditions: a) LDA, THF 0-24 cC, b) CIJCCN, DBU, EtCN, -78°C, c) 
Hg(O,CCFJ)" K,COJ, THF, 0 cC, then aq KBr; d) TEMPO, LIBH., THF, 24°C, e) MOMCI, 
DIPEA, DCM, 0-24 cC, f) B14NF, H,O, THF, 45°C, g) (COCI)2, DMSO, EtJN; h) 1 M 
KMn04, 1 23 M NaH,P04, t-BuOH, 24°C; I) cone. HCI, EtOH, AcOH, reflux, then Zn, reflux, 
J) TsOH, acetone, 24°C, k) Jones' reagent, acetone, 0 cC, I) CH,N" THF, 0 cC; m) 2 eqUlv. ,-
PrMgBr, THF, -20 to 0 cC, n) TsOH, MeOH, 60°C 
54 after secondary alcohol protectIOn. Pnmary alcohol deprotectlOn and oXIdatIon to the 
carboxyhc aCId 55 was achIeved by Sweml9 oxidatIOn followed by KMn04 OXIdatIon, 
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since PDC oxidatIOn had been found to be problematic. Heatmg 55 m ethanolic HCl 
resulted m hydrolysIs and cychsation and the 2,2,6,6-tetramethylplpendyl (TEMP) 
protecting group was removed by reductive cleavage With zinc to give 56 Reaction 
With acetone gave a 7'1 mixture of separable acetonides of which 57 was oxidised under 
lones' conditions and treated with dlazomethane to give ester 58 Grignard additIOn 
With I-PrMgBr gave the desired alcohol 59. ACid hydrolysIs gave the triol49. 
Kang et al developed another synthesis of the tnol 49, this time startmg from t-
butyhmme 60 (Scheme 12).35 Peterson 0lefinatlOn36,37 With isobutyraldehyde, followed 
by reductIOn gave the allylic alcohol 61. Sharpless epoxidation38 and subsequent nng 
opemng With LDA produced the diol 62. Chemoselectlve allyhc OXidation with 
manganese dIOxide and benzoylation of the secondary alcohol gave aldehyde 63 
Couplmg with crotylboronate 64 gave 65 with 96% de. The MOM ether 65 was formed 
from dimethoxymethane and phosphorus pentoxide in 93% yteld Oxidatlve cleavage of 
the termmal alkene was performed With osmIUm tetrOXide and sodIUm penodate. 
Treatment of the aldehyde With hydroxylamme, methanesulfomc anhydnde and DBU 
gave the cyanide via 66, followed by hydrolysIs to give the alcohol 67. Reaction of 67 
With tnchloroacetomtnle and DBU gave 68. The crude matenal was then cychsed using 
mercunc tnfiuoroacetate to give an oxazolme as the only separable diastereoisomer. 
Difficulties With oxidatlve demercuratlOn necessitated m treatment with TEMPO and 
lithIUm borohydride to give 69, which was cychsed usmg hydrochlonc aCid. The TEMP 
group was removed With zinc in acetic aCid to give the deSired mtermediate 49, which 
can be elaborated to the natural product 1 as descnbed prevIOusly 28 
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Scheme 12 
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69 49 
Reagents and Conditions: a) LDA, Me,CHCHO, THF, -78 QC, b) NaBH" MeOH, 0 QC, 76%, c) 
Dlethyl L-tartrate, TI(Oz-Pr)" I-BuOOH, DCM, -20 QC, d) LDA, THF, 0 QC to rt, 66%, e) MnO" DCM, 
reflux, f) (PhCO),O, DMAP, Et,N, DCM, 0 QC, g) 4 A mol Sieves, PhMe, -78 QC, 71 %, h) CH,(OMe)" 
P,O" CHCI" 93%, I) OsO" NaIO" H,O, THF, 0 QC, J) HONH, HCI, pyndme, rt, 80%; k) (MeSO,hO, 
DBU, DCM, -20 QC, 85%, I) K,CO" MeOH, rt, 100%, m) CI,CCN, DBU, EtCN, -20 QC, n) 
Hg(OOCCF,)" THF, PhH, rt, then aq KBr, 64%, 0) TEMPO, LzBH" THF, -20 QC, 70%, p) 6 N HCI, 
reflux, q) Zn, AcOH, reflux, 77% 
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Recently Hayes et at have used carbene chemistry to produce a range of 3_pyrrolmes39 
72 and have used thiS methodology to produce the mtermediate 77 of Baldwin's 
synthesIs (Scheme 13) 40 Formation of the 3-pyrrohne 72 mvolved the generation of an 
alkyhdene carbene 71, by treatment of a l-bromo-3-alkylammopropene 70 with 
KHMDS. It then undergoes a I,S-CH msertlOn reactIOn to give the 3-pyrrohne 72. 
Scheme 13 
70 71 72 
OTBS 
9 steps ~OTBS b 
'tlOTBS 
c 
Isobutyraldehyde 
• 
H\ 
• • N "~ 
H I 
OTBS 
Br 
73 74 
J-OTBS 
d,e,f ~OTBS g,h ~OH • .. ON") ~ '" .. N ' ..... o N '''~ I H I 
Ph)-O OTBS OH 
75 76 77 
Reagents and Conditions: a) KHMDS, £t,O, rt, 53%, b) KHMDS, £t,O, rt, 49%, c) TP AP, NMO, 
MeCN, 4 h, 85%, d) NaC10" NaH,PO" t-BuOHlH,O, e) NaBH" MeOH, 73% (two steps), f) TBAF, 
THF, 87%, g) PhCH(OMe)" TsOH, PhMe, Ll., 67%, h) TBAF, THF, 66% 
USIng this methodology, the precursor 73 was synthesised from Isobutyraldehyde In 
mne steps and was then subjected to the conditions already developed to give 74 In 49% 
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YIeld and >95% ee. After falling to oXidise 74 to 76 under standard conditions, such as 
SeOZ,41 CrOJ/3,5-dlmethylpyrazole,42 the group found that using TPAPINM04J gave 
the Imme 75. Convertmg the Imme to the amide was achieved usmg excess sodium 
chlorite. The N-chlorolactam was dechlonnated with sodium borohydnde a\1d partially 
destlylated to gtve the lactam 76 m 49% yield from 75. This was adva\1ced to the 
Baldwm mtermedIate 77 by ammal fonnatlOn With benzaldehyde dimethyl acetal 
followed by desilylatlOn. 
Chida et al produced a Sytlthesls44.45 of lactacystm usmg the Ovenna\1 rearra\1gement 
(Scheme 14).46 Startmg from dlacetone D-glucose, compound 78 was sytlthesised in 
four stepS.47 OxidatIOn of the secondary alcohol with Jones' reagent yielded the 
correspondmg ketone, upon which a Wltttg reactIOn was perfonned. Reduction of the 
ester functionality produced a\1 alcohol as a 1:1 ratio of E'Z isomers These were 
converted to the tnchloroacettmidate 79, which was not isolated, a\1d heated to gtve the 
rearranged product 80 a\1d ItS C-5 epimer. Hydrolysis followed by pertodate oXldatton 
gave 81, which was OXidised With Jones' reagent to gIve the lactam, followed by 
deprotection With NaBH4 to gtve 82 SilylatlOn of 81 followed by debenzylation gave 
83, which was oxidIsed under Moffat conditions to gtve 84. This was treated with a 
Grigtlard reagent to gtve 85. The undesired isomer of 85 could be converted to the 
deSired Isomer by a\1 oxidation-reductton method. DesllylatlOn of 85 and ozonolysis 
With a reductlve work-up followed by oxidatIOn gave 4. The remamder of the sytlthesis 
was Identical to Corey's procedure 8 
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Scheme 14 
80 
);c m ~ CH20H 
OTBS 
83 
o J7;< r 
HO HO 
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81 
);c CHO 
OTBS 
84 
OHOH 
17 
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~ 
k,l 
~ o,p,q .. 
TBSO HO 
85 
Reagents and Conditions: a) See ref. 47, b) Bu,SnO, toluene, reflux, then BnBr, CsF, DMF, rt, c) Jones' 
reagent, acetone, 0 QC, d) Ph,P=CHCO,Et, toluene, 60 QC, e) DmAL-H, DCM, -15 QC, f) 
tnchloroacetomtnle, NaH, Et,O, g) toluene, 150 QC, h) TFA-H,O (3 2),0 QC, 1) NaIO" MeOH-H20, rt,)) 
NaBH" MeOH, 0 QC, k) TBS-OTf, 2,6-lutIdme, DCM, rt, I) Na, lIqUId NH,-THF, -78 QC; m) DMSO, 
DCC, TFA, pyndme, benzene, rt; n) ,-PrMgBr, THF, -20 QC to rt, 0) TFA-H,O (4 I), 50 QC, p) 0" 
DCM, -78 QC, then Me,S, q) NaCIO" NaH,PO" HOSO,NH" I-BuOH-H,O, rt, r) BOPCI, N-acetyl -L-
cysteme allyl ester, Et,N, DCM, 0 QC to rt 
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Some years later Corey developed a shorter synthesis oflactacystin (Scheme 15).48 The 
malonate 86 was converted to the chiral ester 87 by treatment wIth porcine liver 
esterase. ConversIOn to the aCId chloride, and condensatIOn with N-p-
methoxybenzylglycmate followed by Dieckmann cychsatlOn gave the lactam 88. 
Hydroxymethy1atlOn and reductIOn of the keto functIOn produced 89. Selective 
esterificatIOn of the primary alcohol, sllylation of the secondary alcohol and cleavage of 
Scheme 15 
0 
MeXC02Me a MeSXC02H b Me~{tPMB c .. .. .. C02Me .' C02Me 
o C02Me 
86 87 88 
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MeSJ--t:J,PMB d MeSJ--t:J,PMB e Jt:J,PMB f 
•• "~')--tC02Me -- ."'~')--tC02Me -- )-t,C02Me .. 
HO 'OH TBSO 'OH TB SO CHO 
89 
o 
g 
92 
90 
93 
h 
91 
o 
94 
IJ 
1 
Reagents and Conditions: a) I PLE, HP, pH 73, 23 'C, 24 h, 97%, 11 RecrystalhsatlOn, 62%, b) I 
(COCI)" DMF (cat), 23 'C, I h, 11 PMB-NHCH,CO,Me, EtJN, DCM, 23 'C, I h, 99%, 111 LDA, THF, -
78 'C, 2 h, 93%, c) I DBU, THF, -78 'c then aq CH,O, -78 'c, 0 5 h, 90%, 11 NaBH(OAc)J, HOAc, 
23 'C, I h, 95%, d) I PlvCl, pyndme, 23 'C, 10 h, 85%,11 TBSOTf, 2,6-luhdme, 23 'C, 12 h, 98%, 111 
NaOMe, MeOH, 23 'C, 5 h, 92%, e) I Ra-NI, EtOH, 0 'C, I h, 82%, 11 DMP, DCM, 23 'C, I h, 95%, f) 
H,C~C(Me)MgBr, TMSCI, THF, -40 'C, 0 5 h, 97%, g) I H2, Pd/C, EtOH, 23 'C, 12 h, 99%, 11 TFA I 
H,O (4 1), 50 'c, 4 h, 87%, h) I LIOH, THF I H,O (I 1),23 'C, 0 5 h, 11 BOPCI, EtJN, DCM, 23 'c, 0 5 
h, 90%, I) CAN, CHJCN I H20 (3 1),23 'C, I h, 62%, J) N-aceryl-cysteme, EtJN, DCM, 23 'C,4 h, 99% 
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the ester gave the TBS ether 90 Desulfunsation was perfonned with Raney mckel, and 
Dess-Martin oXldatIonl8 gave the aldehyde 91. AdditIon of 2-propenyl magnesIUm 
bromide gave 92, after addl!ion of organolitluum compounds and other Grignard 
reagents proved problematic. HydrogenatIOn and desdylatlOn gave 93 cleanly. 
HydrolYSIS and treallnent With BOPCl gave the p-lactone 94. Cleavage of the p-
methoxybenzyl protectmg group With cenc ammonium nitrate produced 3. This was 
then advanced to the natural product 1. 
Pattenden and co-workers produced a synthesIs of an mtennedlate of the Corey 
synthesls48 (compound 89) usmg a 5-exo-dlg radical cycl!sation.49 Sharpless 
epoxidatlon of compound 9S followed by treatment With trichloroacetonOltrile gave 96. 
This was cyclised usmg Et3AlCl to gIVe oxazohne 97 after protection of the alcohol 
functIOnality. Cleavage of the oxazoline With aCid gave ammo alcohol 98 and reaction 
With 2-bromoproplOnyl chlonde introduced the amide functIOnality m 99 Two step 
OXidation and conversIOn to a methyl ester gave the radical cyclisatlOn precursor 99. 
Treatment of 99 with BU3SnH and AIBN resulted m a 5-exo-dig cyclisation to give the 
lactam 100 as a 2 1 mixture of eplmers, to whICh an ozonolysis With a reductlve work-
up gave 101. Due to dissapiontmg results in attemptmg to eplmense the C-3 centre, 
compound 101 was treated With methylsulfanyl tolylsulfonate to gIVe the deSired a,-
methyl stereochemiStry at C-3. ProtectIOn of the mtrogen atom followed by removal of 
the sdyl group gave 102. Reduction of the C-4 centre gave the intennedlate 89 The 
narural product was synthesled by followmg Corey's procedure. 
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Scheme 16 
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Reagents and Conditions: a) L-(+)-DIPT, TI(O'Pr)" cumene hydroperoxlde, DCM, -10°C, 60%, 90% 
ee, b) CI,CCN, DBU, 0 °C, 65%, c) Et,AlCI, DCM, 0 °C to rt, 75%, d) TBSOTf, 2,6-lut!dme, DCM, 0 °C 
to rt , 92%; e) aq HCI (1 M), THF, rt, f) CH,CH(Br)COCI, NaHCO" DCM, rt, 76%, g) DMP, DCM, 0 
°C, h) NaCIO" NaH,PO" t-BuOH, 2-methyl-2-butene, rt, I) TMS-CHN" MeOH, beD2ene, rt, 60%, J) 
Bu,SnH, AlBN, toluene, reflux, 70%, k) 0" MeOH, -78°C, 15 mID the Me,S, -78 °C to rt, 75%, I) 
ToISO,SMe, Et,N, DCM, rt, 78%, m) PMBBr, NaH, DMF, THF, 0 °C to rt, n) HF, pyndlDe, THF, rt, 
40%,0) NaBH(OAc)" AcOH, rt, 90% 
Donohoe et at so reported a synthesIs of lactacystin ~-lactone 3 starting from pyrrole 
compound 103 (Scheme 17). ProtectIOn of the mtrogen atom followed by a 
dlastereoselectlve aldol reaction gave 104 m high yield. A 20 1 selectivity in favour of 
the antl Isomer was ratIOnalised by the chelation of MgBr2 to the oxygen atoms of the 
Boc protectmg group and the ester group to form a Z enolate. 
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Scheme 17 
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Reagents and CondItions: a) (Boc),O, DMAP, Et,N, DCM, 91%, b) LI, DBB, THF, 
(MeOCH,CH,),NH, MgBr" Isobutyraldehyde, 74%, c) Ac,O, pyndme, DMAP, 71%, d) OsO" 
Me,NO 2H,O, DCM, 95%, e) PPh" DBAD, Mel, benzene, 81%, f) cat !nCl" NaBH" CAN, 100%, g) I. 
TESCl, Im"lazole, DMAP, DCM, " RuCl, xH,O, NalO" CCl.,IMeCNIH,O, 111 HF py, THF, pyndme, 
79%, h) LDA, HMPA, Mel, THF, 63%, I) TFA, DCM, 100%, J) 05 M NaOH, k) BOPCl, Et,N, DCM, 
81% 
Protection of the hydroxy functIOnality by standard condItions gave 105, followed by a 
dlastereoselective dlhydroxylation usmg condItIOns reported by Poh5! to gIVe compound 
106. A crucial step was the reglOselective deoxygenatIOn at C-4. This was achieved by a 
Mitsunobu reactIon to gIve 107 selectIvely. The regioselectivlty of the reaction was due 
to the dIsplacement of the C-3 neopentyl hydroxy group bemg slow. DeiodinatlOn using 
catalytic InH3 formed In-sztu gave 108. The C-3 hydroxy group was protected WIth a 
tnethylsllyl, followed by oXIdation wIth RU04 and TES deprotection gave 109. 
MethylatIon at C-4 followed gIving the major adduct 110, wruch has the correct 
stereochemIstry for the target molecule. Cleavage of the Boc group followed by basIC 
hydrolysis gave the dlhydroxy acid 4, which was used WIthout punfication to gIve 3. 
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1.1.2 Biosynthesis of lactacystin 
Shortly after the dIscovery of lactacystin 1, the biosynthetlC pathway was determmed by 
IlC NMR analyses of 13C enriched lactacystms whICh were obtamed from the cultural 
broths of a Streptomyces species by feedmg expenments WIth IlC-Iabelled ennched 
compounds.52•53 
Feedmg expenments WIth (L)-[2-1lC] leucine 113 produced lactacystin with a signal 
13.2 tImes the relatIve IlC abundance of C-3. ThIs indIcated that the C-4, 5, 9, 10, 11 
and 12 segments are derived from mtact leucine. 
Scheme 18 
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Expenments perfonned With sodium [1_11C] isobutyrate 111 showed the enrichment of 
four carbon signals at C-I, 4, S, 14. The C-S enrichment suggested that isobutyrate was 
incorporated into the y-lactam intact. 
It was postulated that the y-Iactam nng was fonned by the condensatIOn of (L)-leucme 
113 and the Schiff base of methylmalonic semlaldehyde 112 in the presence of 
pyridoxal phosphate cofactor, followed by mtramolecular cyclisatJon (Scheme IS). 
The C-4 Signal enrichment indicated that the ~-hydroxyleucme mOiety was produced by 
condensatIOn of 2-ketolsovalerate 123 (from (L)-vahne 122) With [1_11C] acetyl-CoA 
120 (from [I_BC] isobutyrate Ill), as shown m Scheme 19. This hypotheSIS was 
supported by the fact that Signal ennchment at C-1, 4 and 14 was observed from 
expenments With sodIUm [I_BC] propIOnate 
Scheme 19 
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BIOsyntheSIs of Lactacystm 
The pyruvate 121, produced from the conversion of proplOnyl-CoA 119 to acetyl-CoA 
120, IS converted to cysteme 124 This IS then acylated to N-acety1cysteme 7 by acetyl-
CoA 120. 
Finally, feedmg (L),(L)- [I,I,)3C2l cysteme 124 resulted in a very high enrichment at 
C-I, mdicatmg that C-I, 2 and 3 oflactacystm are derived from cysteine. Incorporation 
of BC enriched compounds mto feedmg experiments shows that lactacystm IS 
biosyntheslsed from L-leucme, Isobutyrate and L-valine. 
1.1.3 Structural requirements for the bioactivity of lactacystin and its analogues 
Early work3 show that the relative configuratIOn of the C-6 hydroxy group and the C-4 
carbonyl are Important, to be able to form the ~-lactone 3 The C-S hydroxY1sobutyl 
group and the configuration of the C-9 hydroxy group are important as X-ray 
crystallograph! shows the C-S hydroxY1sobutyl mOiety bound m a hydrophobic pocket 
of the lactacystm-proteasome complex. On the other hand, the workers showed that the 
N-acetylcysteme group IS not reqUired for actiVIty havmg tested the ability of the ~­
lactone 3 to induce neunte outgrowth of cell hnes and examimng compounds with 
modificatIOns to the N-acety1cysteine mOiety. 
Corey and co-workers mvestlgated the structural reqUirements for lactacystin 1 and the 
~-lactone 3 to mhlblt the 20S proteasome 54 Numerous analogues were synthesised by 
modd'ymg their present synthesIs of the parent compound. The group used their most 
recent synthesis48 oflactacystin 1 (see Scheme IS, Page 2S) to generate analogues 125-
128 With the C-9 isopropyl mOiety replaced with other hpophilic groups. 
Usmg the intennedlate 91 (Scheme 20), a Grignard addition and desllylatlOn gave 129 
Hydrolysis of the methyl ester, addition of BOP-Cl, followed by CAN d~protection of 
the p-methoxybenzyl mOiety Yielded the ~-lactone 131. This was reduced to the 
analogue 125, which was screened for actiVity, along With the 9-phenyl analogue 126, 
which was synthesised using the same procedure. Analogue 127 was made by reducmg 
the aldehyde 91. The 9-lsobutyl analogue 128 was prepared usmg a chromium-catalysed 
addition of methallyl bromide to the aldehyde 91. 
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Scheme 20 
0 
-qPMB 
N C02Me 
TBSO CHO 
91 
o 
o 
131 
0 
OH 
-qPMB 
N C02Me 
TBSO CHO 
91 
a,b 
.. 
f 
g 
.. 
0 
~ N C02Me HO ~ .d-
HO 
o 
0 
129 
o 
125 
N- PMB 
C02Me 
HO i" 
HO 
132 
0 
~ c d,e .. C02H .. HO , .d-
HO 
130 
0 
.. .. 
0 
128 
Reagents and Conditions: a) Vmyl MgBr, TMSCI, THF, --40 QC, 05 h, 93%, b) TFA / H20 (4 I), 50 
QC, 4 h, c) L10H, THF / H20 (I 1),23 QC, 0 5 h, d) BOPCI, Et,N, DCM, 23 QC, 0 5 h, e) CAN, CH,CH / 
H20 (3 I), 23 QC, 1 h, 49% (four steps), f) H2, PdlC, EtOH, 2 h, 99%, g) Methallyl brOlmde, CrCI" 
Mn(O), TMSCI, , THF, 23 QC, 12 h, 50% 
The effectiveness of the ~-Iactones 125-128 as irreversible inhibitors of the 20S 
proteasome IS shown In Table I Substitution of the isopropyl group with a hydrogen 
atom (127) reduced activity, and replacement with a phenyl substltuent (126) resulted in 
complete loss of activity. Shghtly smaller substituents, e g ethyl (125), or larger 
substituents, e g. isobutyl (128), all resulted in lower activity Clearly the most active 
compound was the ~-Iactone 3, corresponding to naturallactacystin 1 
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Table 1 
Analogue K (M-I -I) assoc S 
3059 ±478 
R=Et 125 290 ± 12 
R=Ph 126 no mhlbltion 
R=H 127 9.7±6.2 
17.4±2.4 
InvestIgations into the importance of the C-7 substituent towards actIVIty were also 
carned out. Such analogues were synthesIsed usmg the magnesIUm-catalysed aldol 
condensatIOn procedurel2 of intermedIate 13 (see Scheme 5, Page 11). The aldol 
products 139 were formed from the treatment of 13 WIth a range ofTMS enol ethers in 
Scheme 21 
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Reagents and Conditions: a) 1 MgI" DCM, -20 QC to 0 'C, 11 K2COJ, MeOH, 23 'C, 75·80%, b) 1 H2, 
PdlC, EtOH, DIPEA, 23 QC, 30 h, 11 MeOH, 55 QC, 20 h, III 5% HF-CHJCN, 23 'C, 24 h, 76-84%, c) 1 
EtJN, DMSO, (COCl)2, DCM, -78 'C, 11 NaCl02, NaH2PO" (·BuOH, 23 QC, III HS(CH2hSH, HCl, 
CFJCH20H, 50 QC, 7 h, 65-75%, d) BOPCl, DCM, 23 'C, >90% 
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the presence of magnesium IOdide (Scheme 21). These were then advanced to the ~­
lactones 133-137 as descnbed prevIOusly 12 
The results in Table 2 show that the configuration of C-7 IS important, as the 7-(S) 
analogue 133 showed a marked drop in activity towards the 20S proteasome. 
Replacement of the C-7 methyl group by a hydrogen atom 134 resulted in a loss of 
actlVlty and led to chemIcal InstabIlity of the molecule. This resulted from elimination 
of the C-6 hydroxyl group to gIve an a,~-unsaturated lactam 
However, exchange of the C-7 methyl group with other alkyl groups e.g isopropyl 135, 
n-butyl 136 and ethyl 137, led to an Increase in actIvity compared to the ~-Iactone 3 
InterestIngly, replacement of the C-7 hydrogen WIth a methyl group (138) resulted In a 
small reductIon in actIvity, but the compound was stIli potent. Thts IS noteworthy since 
138 IS an attractIve target as it has one less chiral centre than the parent compound It 
can potentially be made In higher Yield and IS more stable, as there IS no ~-hydrogen A 
total SytIthesIs of 138 has been reported by Corey and co_workers.ss.s6 
Table 2 
Analogue K (M-I -1) assoc S 
R=Me 3 3059 ±478 
7-epl-l 133 1250 ± 66 
R=H 134 450±77 
R = I-propyl 135 8465 ± 1572 
R - n-butyl 136 7275 ±466 
R=Et 137 6679 ± 553 
7-dlmethyl-l 138 2300 
In conclUSIOn, It seems that nature has nearly OptImlsed the structure of a small 
molecule such as 1. From the results of the biological actiVIty studIes It appears that 
further enhancement of the actIVIty oflactacystIn analogues, other than those dIscussed 
here, IS unlikely. 
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1.2 Studies Towards the Synthesis of Lactacystin 
1.2.1 Retrosynthetic analysis of lactacystin 
The natural product 1 can be disconnected to gIve the pyrogiutamate 142 and N-
acetylcysteme. TIns step has been developed by Corey8 and has been wIdely used m 
other syntheses. The aim of this project is therefore to synthesise the pyrogiutamate 142. 
Scheme 22 
13.. OH_ N-acetyl-(R)-cysteme '''~ ,,,,~. 0 1 
7 6 ,,,.1j-. S~COOH .. : 
o N j> 0 
H ~ 10 11 HN~15 
HO 11 
12 0 
1 
aldol 
of 
142 
reduction 
of 
> 
Dleckmann 
cychsatlOn 
> o 
BG¥f0 0 
======~> ~.)II'''f 
o ~ OMe 
143 144 
OR' condensatlOn OR' o~OyOR .. 0yOR O~x :> ~ o N PHN 
P 
145 146 147 
The key steps towards 142 are shown In the retrosynthesls above (Scheme 22). A 
reductIon of the C-4 keto functIOn m 143 WIll be reqUIred at the end of the synthesis. 
This IS because the C-4 keto function WIll enable the C-5 quaternary centre to be 
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generated using enolate chemistry, wluch Includes an aldol condensatIOn to insert the 
hydrox)'!sobutyl moiety. It should be noted that the aCidic proton at the C-3 position 
must be replaced with a blockIng group when performIng the enolate chemiStry. An 
ester group could be chosen as the blocking group as this can easily be removed by 
hydrolysIS and decarboxylatIOn. A Dleckmann cychsatlOn of the diester 145 will yield 
the pyrrolidinone ring while the diester 145 can be synthesized from a protected glycine 
ester 146 and an activated malonate 147 
1.2.2 Strategy for the total synthesis of lactacystin 
The first step of the synthesIs would be to generate the precursor 150 to the Dleckmann 
cychsatlOn (Scheme 23). This can be performed by a condensatIOn reactIOn of a 
protected glycine ethyl ester 149 and an appropnate dlCarbonyl compound to gIVe 133. 
Scheme 23 
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With such a compound in hand, the next step would be the Dleckmann cyclisatlOn to 
form the pyrrohdInone nng (Scheme 24). There are two possible pathways for this 
reaction. We would expect path b 10 be the predominant pathway as 152 IS the 
thermodynamic product However, either product 151 or 152 can be used for further 
reactions to reach the target molecule. 
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Scheme 24 
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The next step would be the C-3 alkylatIOn of the cyc1ised compound. Methylation of 
either compound 151 or 152 should proceed without problems due to the aCidity of the 
C-3 protons (Scheme 25) Alkylation WIth other reagent would also be possible here, 
and hence C-7 analogues dIscussed above could be synthesIsed (see Page 33). 
Scheme 25 
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For compound 153, the next step would be the aldol condensatIOn. This will be a 
challenge as it involves the production of the hindered C-5 quaternary centre usmg 
dlanion chemistry (Scheme 26). ReductJon of the p-keto ester will follow, and 
techniques are well established for controllmg the stereochemistry of such reactions to 
give us our target compound 142. 
Scheme 26 
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If compound 154 IS produced, a different strategy must be used (Scheme 27). Fustly, 
the introduction of the C-5 ester must be accomplished using, for example, methyl 
chloroformate. The aldol condensatIOn to complete the C-5 quaternary centre followed 
by a reduction ofthe C-4 ketone can be aclueved as mentIOned above. After hydrolysis 
and concomitant decarboxylation of the C-3 ester functionality the advanced 
mtermedlate 142 should be formed. 
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Scheme 27 
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In conclusion, we are confident that we can achieve a short and versatile synthesis of 
our target compound 142. 
1.2.3 The Dieckmann cyclisation 
The Dleckmann cyclisahon is the mtramolecular version of the Claisen condensation. It 
involves the reaction of a stabilised anion to form a cyclic ketone and is important for 
the synthesis of five- and SIX - membered nngs. 
The mechanism for the reactIOn IS shown m Scheme 28. The first step mvolves the 
base-mduced formatIOn of an ester enolate 161 The rate determining cyclisation step 
follows. 
If the two ester groups m 160 are not eqUIvalent, two cychsatlOn products can be 
obtained. The p-keto esters could be hydrolysed and decarboxylated to give the same 
cyclic ketone However, If the p-keto ester is the desired product, the reglOse1ectlVlty of 
the reactIOn must be controlled. 
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Scheme 28 
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Alkyl substitutIOn at the a-carbon of one ester results In destabihsatlOn of the enolate 
Therefore, the enolate ofthe ester with no substitutton IS favoured. A classic example IS 
shown In Scheme 29 where 165 cychsed to fonn 167 via the unsubstttuted enolate 164. 
ThIS pathway IS favoured because the enolate 168 is more stable and therefore drives 
the eqUIhbrium of the reaction toward the observed product 167. 
Scheme 29 
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The Dieckmann cychsatlOn has been used for the synthesIs of a vast number of natural 
products, mcludmg prostaglandms, carbohydrates and steroids. Sakai57 (Scheme 30) 
cyclised compound 170 to gIVe the ~-keto ester 171. After mtroduction of the a-alkyl 
subslituent followed by ring opemng, a second Dieckmann cyclisatlOn was performed. 
Hence, compound 172 cychsed reglOseleclively via the unsubslituted enolate to give the 
prostaglandin skeleton 173 m good Yield. 
Scheme 30 
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Reagents and Conditions: a) t-BuOK, benzene, reflux, 88%, b) NaOMe, DMSO, MeOH, 81% 
Both the SIX membered C-ring and the five membered D-nng of steroids have been 
synthesized by Dieckmann cyclisations (Scheme 31) 58,59 Compound 174 shows a 
regioseleclive cyclisatlOn via the unsubstituted enolate giving the more stable enolate of 
product 175. Compound 177 was prepared, first by acetal protectIOn of the keto functIOn 
in 176, followed by cychsatlOn with potassium t-butoxide. Alkalme hydrolYSIS, 
followed by aCid hydrolySIS gave the product 177. 
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Scheme 31 
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Reagents and Conditions: a) NaB, toluene, MeOH, t., 2 h, 90%, b) Ethylene glycol,p-TSA, benzene, t., 
c) t-BuOK, benzene,,l, d) 0 25 N NaOH, lOO QC, 3 h, e) Oxahe aCId, H20/acetone 
The Dleckmann cychsation has also been employed in carbohydrate synthesIs (Scheme 
32). After undesirable results With diester compounds, the lactone 178 was cychsed 
regIoselectively, and the resulting ~-keto ester was alkylated with methyl iodide to give 
179.60 
Scheme 32 
a,b o 
178 179 
Reagents and CondItions: a) t-BuOK, PhH, t., 91%, b) t-BuOK, Mel 
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In conclusIOn, the hterature shows a vast number of examples where five membered 
carbocycles and heterocycles have been readily synthesised using the Dieckmann 
cychsation. We hope to be able use this precedent to generate the five-membered 
heterocychc core oflactacystm 1. 
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2.Results and Discussion 
2.0 Results and Discussion 
2.1 Review of Previous Research in Our Laboratories 
The mitial work, as carried out by Hamzah concentrated on the synthesIs of the lactam 
core of lactacystm 1 (Scheme 33).61 The precursor 181 was formed qUite easily but 
problems were encountered m the attempted N-protectiOn of 181. A mixture of N- and 
C-Boc products was formed m equal quantities. Both products 183 and 184 were treated 
with base m an attempt to perform a Dleckmann cyclisatlon, but under the conditiOns 
that were used, these were unsuccessful. 
Scheme 33 
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Reagents and Conditions: a) I NaOH, 11 Ethyl malonyl chlonde, DCM, 57%, b) potassIum ethyl 
malonate, DCC, Et3N, aq ACN, 81%, c) Boc,O, Et3N, DMAP, DCM 
By mtroducmg the C-7 methyl group of lactacystm 1 at an earher stage, It was hoped 
that the formation of C-Boc products would be suppressed (Scheme 34). The precursor 
186 was obtamed Without any problems, but attempts to N-protect resulted m both the 
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N-Boc and C-Boc products 187 and 188 respectively. However conditions were found 
to give the products in an acceptable 3·1 ratIO 
Scheme 34 
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Reagents and Conditions: a) KOH, EtOH, 24 h, rt, 87%, b) glycme ethyl ester, DCC, EtJN, DCM, 82%, 
c) Boc,O, DMAP, ACN, rt, 72% 
The cychsation of compounds 187, 188, and later 186, was attempted under vanous 
conditions However they either gave complex mixtures, transestenfication, or simply 
did not react. 
Due to these findings, Hamzah attempted the Dleckmann cychsation on the unprotected 
precursor 181 (Scheme 35). This reactIOn proceeded smoothly to give the cychsed 
product 189 As this compound was insoluble m any common organic solvents, it was 
hoped that protectmg the nitrogen atom would Improve its solubJiity. However, all 
attempts at protecting the nitrogen atom resulted in the trisubstituted pyrrolle compound 
190. 
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Scheme 35 
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Reagents and Conditions: a) NalMeOH, toluene, reflux, 70%, b) Boc,O, DMAP, ACN, rt 
Therefore, the alkylatIOn of the C-3 position was carried out WIthout any protection 
(Scheme 36). Initial attempts faIled due to the insolubIlity of compound 189. A phase 
transfer catalyst was found to aId the reaction wIth methyl IOdide. The use of TBAF m 
THF gave the desIred product 191. Due to dlsappomtmg results with further reactIOns of 
the unprotected compound 191, the compound was now successfully Boc-protected to 
give 192 WIth trace amounts ofthe by-product 193 
Scheme 36 
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Reagents and Conditions: a) TBAF, THF, Mel, rt, 82%, b) Boc,O, DMAP, ACN, rt, 76% 
With compound 192 readtly available, the C-5 ester functionality was mtroduced 
(Scheme 37, Table 3) Usmg vanous chloroformates as the electrophlle, only the 0-
acylated product 195 was observed. ThIs was not unexpected due to the 'hard' nature of 
chloroformates as electrophiles. Use of carbonates and dicarbonates resulted m neIther 
the C- nor the O-acylated products being formed. Even though cyanoformates are 
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reported to be good reglOselectlve C-acylating agents, when used in tills instance, a 
small quantity the desIred product 194 was observed, but the YIelds could never be 
Improved. The steric hindrance of the Boc group was thought to be the cause of the poor 
YIelds. 
Scheme 37 
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Table 3 
Conditions X 194 195 
t-BuOK, THF, -78°C Cl no yes 
NaH, THF, -78°C Cl no yes 
LOA, THF, -78°C OEt no no 
t-BuOK, THF, -78°C OEt no no 
KH, benzene, reflux EtOCOO no no 
LOA, THF, -78°C CN yes (lO%) no 
Therefore N-benzyl protection was use Instead of N-Boc protection (Scheme 38). The 
Dieckmann cyclisatlOn precursor 198 was prepared by the condensation of ethyl 
malonyl chlonde wIth N-benzyl glycine ethyl ester 196. The OIeckmann cychsation 
proceeded smoothly using sodium methoxide to give compound 199, after m-situ 
transesterification of the C-3 ester functlOnahty. 
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Scheme 38 
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Reagents and Conditions: a) Benzene, rt, 24 h, 91%, b) Na, MeOH, benzene, reflux, 88% 
The same conditions as descnbed in Scheme 36 were used to introduce the C-3 methyl 
group (Scheme 39). It was shown that tlus methodology could also be used to mtroduce 
a variety of C-3 alkyl groups and hence give nse to the potential synthesis of a variety 
of C-3 analogues of lactacystm. Compound 200 was then subjected to the C-5 acylation 
reaction with methyl cyanoformate It was found that using LHMDS wIth HMPA as co-
solvent gave the best result. 
Scheme 39 
OMe OMe OMe 
o~O a 0:t50 b O~O .. .. 
° N ° N ° ~ OMe I I 
Bn Bn Bn 
199 200 201 
Reagents and CondItions: a) TBAF, Mel, THF, rt, 54%, b) IJIMDS, HMPA, methyl cyanoformate, 
THF, -78 'C, 70% 
At tms point a number of routes could be taken Reduction of the C-4 keto function was 
only attempted with Baker's yeast and gave unacceptable YIeld Therefore, the aldol 
condensation of 201 was explored (Scheme 40). CondensatIOn of 201 wIth 
Isobutyraldehyde under a range of conditions faIled to give the deSIred product 202. The 
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aldol reactIOn was also tned via the sllyl enol ether 203 using vanous Lewls aCids, e g 
TICI4, SnCI4, but no product was observed. Fluoride induclton with TBAF and BT AF 
was also attempted but was unsuccessful 
Scheme 40 
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Reagents and Conditions: a) Base, Isobutyraldehyde, THF, -78 cC, b) TBS-OTf, EtJN, DCM, rt, 1 h, 
83%, c) LewIs aCid, Isobutyraldehyde 
It was thought that the aldol condensation WIth isobutyraldehyde faIled due to steric 
hllldrance Therefore an aldol condensatIOn with a smaller electrophile, namely 
formaldehyde, was attempted The C-5 hydroxytsobutyl mOiety could then been 
obtained by an oXIdatIOn to the aldehyde followed by a Grignard addItion to give the 
desired product 202. The aldol condensation wIth formaldehyde gave the desired 
product 204 III good yield (Scheme 41) However, none of the attempted oXIdatIOn 
condIltons gave the aldehyde 205 but resulted III complex mixltIres. 
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Scheme 41 
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Due to the problems encountered with the aldol condensations, mtroductlOn of the C-5 
hydroxYJsobutyl mOiety was attempted by an acylatIOn reactIOn (Scheme 42) 
Therefore, 201 was treated With Isobutyryl chlonde. Harnzah thought the desired 
product 206 had been obtained, but further analysIS showed that the O-acylated 
compound 207 had actually been fonned 
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oko 
o ~ OMe 
Bn 
201 
~ 
o~~ 
o ~ OMe 
Bn 
207 
OMe 
a*-
206 
Reagents and Conditions: a) Isobutyryl eblonde, pyndme, DCM, ri, 90% 
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2.2 Results and Discussion 
Our first target was the generatIOn of the I)-keto ester 201. Hydrolysis of the C-3 methyl 
ester and the C-5 methyl ester, followed by concimltant decarboxylation of the C-5 
methyl ester, could be perfonned m one step (Scheme 43). However previous attempts 
to hydrolyse the ester groups were unsuccessful.61 
Scheme 43 
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We therefore decIded to synthesIse the C-3 benzyl ester analogue 212 (Scheme 44). The 
benzyl ester blocking group could be easJiy removed by hydrogenolysls and 
decarboxylatIOn By foIlowmg Harnzah's procedures, but usmg dibenzyl malonate as 
the starting matenal m place of dImethyl malonate, it was hoped that intennedJate 212 
could be synthesIsed quickly and effiCIently. 
Scheme 44 
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2.2.1 Synthesis of the Dieckmann cyclisation precursor from dibenzyl malonate 
Jasys and co-workers prevIOusly reported the mono-hydrolysis of dlbenzyl malonate 
210.62 Usmg their procedure, the desued mono-potassIUm salt was generated in good 
Yield (Scheme 45). 
Callahan reported the synthesis of the acid chlonde 213 usmg oxalyl chlonde in toluene 
at 35 °C.63 However, we found that the reaction proceeded equally well at room 
temperature. Because acid chloride 213 was highly reactive, it was used m subsequent 
reactIOns as the crude, unpunfied material. 
Scheme 45 
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With 213 in hand, we turned our attention to the condensation reaction of 213 with 
commercially available N-benzyl glycine ethyl ester 196 (Scheme 46). Following 
Hamzah's procedure, usmg an excess of N-benzyl gIycme ethyl ester 196 resulted in the 
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diester 211 in only 37% yield, compared to the 62% yield previously reported (Table 4, 
Entry 1) 
Given that N-benzyl glycine ethyl ester 196 IS an expensive reagent, the use of benzene 
as solvent is undesirable, and the low reactIOn yield, alternative methods were explored. 
It was hoped that a procedure could be found that used only one equivalent of 196, a 
less toxic solvent and, more importantly, gave a better yield. Using triethylamine failed 
to give any of the deSired product 211 (Entry 2). However, It was found that by usmg 
pyndine only one eqUivalent of 196 was required (Entry 3). The addition of DMAP to 
the reaction accelerated ItS completIOn to only four hours. 
Table 4 
Entry Conditions Yield 211 
1 3 equiv 196, benzene, rt, 24 h 37% 
2 1 equiv 196, 1.2 equiv Et3N, benzene, rt, 24 h no reactIOn 
3 1 05 equiv 196, 1.05 eqUlv pyndine, 5 mol% DMAP, DeM, rt, 4 h 95% 
It is mteresting to note that the diester 211 eXists as a mixture of rotamers (see 
AppendiX 1) This was demonstrated by perforrmng variable temperature NMR 
expenments. The experiment performed at ambient temperature clearly shows the 
amide 211 as a mixture of rotamers. The expenment carried out at an elevated 
temperature shows that the energy barrier between the two states has been overcome, 
allowing the molecules to freely eXist m either conformation. 
The efficiency of the procedure was further Improved by syntheslsmg N-benzyl glycme 
ethyl ester 196, rather than purchasing It (Scheme 47). Liskamp64 has reported the 
synthesIs of a range of N-substttuted glycme denvatives, and used them m the sohd-
phase synthesis of peptoids The reaction of ethyl bromo acetate 214 with excess 
benzylamme gave the desired product 196 m excellent yield and required no further 
purificatIOn. 
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WIth large amounts of the dIester 211 in hand, we turned our efforts to the Dieckmann 
cyclIsation of 211. As Hamzah had already reported a procedure for this reactIOn, we 
were confident that it could be accomplIshed quickly. 
2.2.2 Dieckmann cyclisation of the diester 211 
Our work was now focused on the formatIon of the lactam core of lactacystIn by a 
Dieckmann cychsation, and its elaboration to our mtermediate ~-keto ester 212. 
Hamzah reported USIng sodium methoxlde In refluxIng benzene, gIving the product in 
88% yield. This procedure could not be repeated successfully, so sodIUm hydnde was 
used Instead. The deSIred product 215 was obtaIned, but not consIstently, and due to the 
undeSIrable condItions, we sought other means of performing the reaction. Compound 
215 from the cyclIsatlOn reactIOn was alkylated at C-3 USIng tetrabutylammomum 
fluoride and methyl iodIde to gIVIng the product 216 In good yield (Scheme 48) 
Scheme 48 
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Tanabe and co-workers reported usmg titanium (IV) chloride and tnbutylamine wIth 
catalytic trimethylsilyl chlonde to promote Clatsen condensations, aldol condensations, 
and perform Dleckmann cychsations (Scheme 49).65,66 They demonstrated that their 
system worked wIth dImethyl adlpate 217 and methyl hexanoate 219 to gIve products 
218 and 220 respectively in excellent YIelds 
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CCOOMe COOMe 
217 
o 
BunJ OMe 
219 
a 
a 
o 0 
~OMe 
218 
o 0 
Bun_ Jl Jl 
....." '( -OMe 
nBu 
220 
Reagents and Conditions: a) TICl" BU3N, TMSCl, DCM, -78°C, 2 h, 88-95% 
These conditIOns were repeated usmg the diester compound 211 but problems occurred 
with the removal of tributylatmne from the product (Scheme 50) Therefore, 
tnethylamme was used mstead, but only the enol ether product 221 was generated, and 
Scheme 50 
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In poor YIeld. Attempts were made to Improve the YIeld of thIS reactIOn wIth a view to 
use 221 m the contInuatIOn of the synthesIs. However, this proved impossIble, so was 
abandoned. 
2.2.2.1 Dieckmann cyclisation using fluoride ion induction 
As tetrabutylammoruum fluoride had been successfully used as a base for the C-3 
alkylation of lactam 215 (Scheme 48, Page 54), we hoped to use fluoride IOns to 
promote the Dieckmann cychsatlOn of diester 211. 
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Treatmg the diester 211 WIth TBAF m THF resulted In a wlute precipitate, whICh NMR 
spectroscopy suggested to be the tetrabutylammoruum salt 223 (Scheme 51). As tlus 
imphed that the Dieckmann cyciisatlOn had occurred, It was thought that the salt could 
be quenched WIth methyl iodide, to alkylate at position C-3 of the lactam nng. The 
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addItion of methyl IOdIde to the salt 223 in THF gave the deSIred C-alkylated product 
216, along wIth the O-alkylated by-product 222 
Due to thIs satIsfYIng result, the procedure was developed. In dOIng so It was found that 
using dlethyl ether, In place of THF dunng the Dleckrnann cyc1isation Increased the 
yield of the salt. As a consequence, the deSIred product 216 could be obtaIned in 57% 
yield from the diester compound 211, and compound 216 could be easily separated 
from the O-alkylated by-product 222 by colunm chromatography. It is pleaSIng to note 
that this was the first stage in our synthesIs that column chromatography punficatlon 
was requIred. 
The reaction was attempted using a dIfferent alkylating agent such as dimethyl sulphate, 
but this only gave the O-alkylated product 222, probably due to the Increased hardness 
of the electrophIle 
With large quantItIes of lactarn 216 readIly avaIlable, our attentIOn turned to the 
IntroductIOn of the C-5 quaternary centre USIng enolate chemIStry. There were two 
possIble routes by which thIS could be achIeved (Scheme 52). 
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The aldol reactIOn could be performed first to Introduce the hydroxyisobutyl mOIety, 
followed by an acylatIon. Alternatively, the first step could be the acylation reactIon to 
introduce the ester functionahty, proceded by the aldol reactIOn. As Hamzah had 
already developed a procedure for an acylatIOn reaction, tlus was attempted first. 
2.2.3 Acylation reaction of lactam 216 
Hamzah61 had shown that by follOWing Mander's67 procedure uSing cyanoformates, 
regioselective C-acylation could be achieved. Other groups have also shown thiS to be 
the case.68 
Mander and his co-workers screened a range of ketones and showed that methyl 
cyanoformate would perform a regioselectlVe C-acylation to gIve the corresponding ~­
keto ester 227 in high YIeld (Scheme 53). 
Scheme 53 
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Reagents and Conditions: a) LDA, HMP A, THF, -78 QC. 
In 1985 Zlegler proposed a mechanism for the reactlon.69 Treatment of the decal one 228 
With hthlUm dlisopropylamide and methyl cyanoformate in the presence of 
trimethylsilyl chlonde gave a mixture of products (Scheme 54). Two of the products 
were the expected ~-keto esters 229 and 230, and the third was the unexpected keto-
diester 231. 
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Reagents and Conditions: a) LDA, HMP A, methyl cyanoformate, TMSCI, THF, -78°C 
To generate product 231 It appeared that et' -deprotonation of a ~-keto ester had 
occurred WIthout et-deprotonatlOn, a mechanism that seems quite unhkely. However, the 
fourth product isolated, compound 232, suggested that the reaction proceeded through 
an aldol-type intermedIate, wluch could collapse to give a ~-keto ester or undergo et'-
deprotonatlOn to gIve a keto-dIester. 
Following Manders67 protocol, the use of LDA as base in the reaction of 216 failed to 
gIve any of the desired product 212, and resulted in decomposition of the starting 
material However, on changing to LHMDS, the deSIred product was observed, 
although only In Iow yteId, but the addItIOn of a co-solvent such as HMPA increased the 
yteld of the reactIOn. Due to the toxIcIty associated WIth HMPA, DMPU was used In Its 
place and we were pleased to see that thIS gave the desired product 194 in good yield 
(Scheme 55). 
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Dunng the development of this reaction an addItional product was observed by 1 H 
NMR spectroscopy, which could only be removed by recrystalhsatlOn TIns product was 
Isolated and Its structure confirmed by X-ray crystallography as compound 233 (Figure 
6). 
Figure 6 
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We suspect that compound 215 IS ansing from an auto-oXIdatIOn reactIon of the desired 
product 212. However, the mechamsm of the reaction IS uncertaIn. 
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How thIS compound could be prevented from bemg formed is not clear, other than 
ensuring our reagents were of the highest qualIty Also, it appeared that performing the 
reactIOn on a large scale prevented the formatIOn of compound 215. Degassing the 
solvent may also ensure that this oxidatIon does not occur 
To summarise, the core lactam nng of the natJIral product has been formed, both 
alkylation at positIOn C-3 and acylatIOn at positIOn C-5 have been achieved A blocking 
group is present at posItion C-3 m the form of a benzyl ester, which we were confident 
could be removed easIly. The C-5 quaternary centre could now be completed via an 
aldol reactIon, whIch would gIVe the full carbon skeleton of lactacystin in Just SIX steps, 
and WIth large amounts of212 avaIlable, this IS where we next concentrated our efforts. 
2.2.4 Hydrogenolysis of the ~-keto ester 212 
To ensure that the C-3 benzyl ester blockmg group could be removed, our attention 
focussed here before we proceeded any further in the synthesIs. It was hoped that the 
benzyl ester could be hydrogenolysed to give the correspondmg ~-keto aCId, and this m 
turn could decarboxylate to gIve compound 234 (Scheme 56). It should also be noted 
that the N-benzyl protecting group could also be removed by hydrogenolysls in-situ, and 
therefore allow a global deprotectlOn to be performed at the end of the synthesis 
Scheme 56 
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Subjecting the B-keto ester 212 WIth standard hydrogenolysls conditions (Table 5, Entry 
I) resulted m a complex mixture, With traces of compound 234 present, and changing 
the catalyst to Pearlman's catalyst improved the Yield only slightly (Entry 2). However, 
changing the solvent to THF or ethyl acetate resulted m hydrogenolysis of the C-3 
benzyl ester, followed by concomitant decarboxylation to give compound 234 m 
excellent Yield (Entry 3).70 
Table 5 
Entry Conditions Yield 234 Yield 235 
1 Pd/C, H2, MeOH, rt, 1 atm, 24 h trace -
2 Pd(OH)2/C, H2, MeOH, rt, 1 atm, 24 h 34% -
3 Pd(OH)2/C, H2, THF, rt, 1 atm, O.S h 94% -
4 Pd(OHh/C, H2, THF, rt, 3 atm, 24 h 84% -
However, it was noted that none of the fully deprotected compound 235 was observed 
With all the conditions tned. Attemptmg to force the reaction by increasing the pressure 
of hydrogen the reaction was under and by leavmg the reactIOn for extended periods of 
time, never succeeded m compound 235 being observed, with 234 being the sole 
product. 
At tlus stage we were not too concerned with the fact that the N-benzyl protectmg group 
was not removed, and were more mterested m the fact that the C-3 blocking group 
could be removed, leavmg the lactam core of lactacystm With this knowledge, the 
completIOn of the C-S quaternary centre usmg an aldol reactIOn was focussed on 
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2.2.5 Aldol condensation ofthe ~-keto ester 212 
With compound 212 available in large quantities, attentIon was now focussed on the 
aldol condensation Although aldol condensations of ~-keto esters are not well 
documented, partIcularly those that produce quaternary centres, it was felt that thiS 
transformatIOn should be attempted, as It would be the most direct method of reaching 
the target molecule 
Scheme 57 
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Harnzah had already explored thiS reactIon without any success (see Scheme 40, Page 
49), but It was decided to spend a little time haVIng a more detailed look at the 
reaction.61 Treating compound 212 With LDA followed by Isobutyraldehyde resulted in 
rapid decompositIOn of the starting matenal. However, upon changing the base to 
LHMDS decomposition did not occur, but neither did any reaction, even after allowmg 
the reactIon mixtIIre to remain at ambient temperatJIre for long penods of tIme. Due to 
these findings, together with Hamzah's results, it was decided not to explore this 
reaction any further. We suspect the reactIOn faIled due to steric hindrance around the 
reaction centre. 
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2.2.5.1 Aldol condensation using sHyl enol ethers 
In 1974 Mukalyama and co-workers showed that sIlyl enol ethers can react with 
carbonyl compounds when actIvated by a Lewls aCId such as tItanIUm tetrachlonde.29 
An example was the reactIOn of sIlyl enol ether 237, prepared from cydohexane 236, 
WIth benzaldehyde (Scheme 58). ThIs gave the deSIred aldol product 238 m excellent 
yield The authors showed that the hJghest yield of aldol product was obtamed when 
Lewis acids tItanIUm (IV) chlonde and tm (IV) chloride were used. 
Scheme 58 
° 6 a b ~Ph 
236 237 238 
Reagents and Conditions: a) TMSCl, Et,N, DCM, -78 'C, b) TIC4, -78 'C, 1 h, 92% 
In order to carry out thIS type of reaction the sllyl enol ether had to be prepared from the 
~-keto ester 212. However, upon treatment of the ~-keto ester 212 with sodIUm hydnde 
and TMS chloride or TMS triflate and trJethylamme, none of the desired sIlyl enol ether 
Scheme 59 
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was observed. We speculated that the TMS enol ether was unstable and was 
decomposing, to give back the startmg matenal. 
However, the TBS enol ether 239 was synthesised in good YIeld, using TBS tnflate and 
tnethylamme (Scheme 59). Although no literature precedent was found for the use of 
TBS enol ethers m Mukaiyama aldol reactions, the same conditions as reported by 
Mukmyama were utIlised. Usmg tItanium (IV) chlonde as a Lewls acid gave no 
reactIOn Only the silyl enol ether 239 and the keto ester 212 were observed by NMR 
spectroscopy (Table 6, Entry I). 
Table 6 
Entry Conditions Result 
1 1 equiv T1C14, DCM, -78°C to rt 239 and212 
2 1 eqUlv SnCI4, DCM, -78°C to rt 239 and 212 
3 excess TiCI4, DCM, -78°C to rt decomposition 
The same result was observed when tm (IV) chlonde was used (Entry 2). In an attempt 
to force the reactIOn, an excess of Lewls acid was used, but this led to complete 
decompositIOn of the startmg matenal (Entry 3). Due to these findmgs the reactIOn was 
abandoned. 
2.2.5.2 Aldol condensation with formaldehyde 
Due to the problems found when using isobutyraldehyde, the hydroxYIsobutyl moiety 
could be mtroduced in a stepwise fashion (Scheme 60). It was envisaged that the target 
compound 225 could be prepared from a Gngnard reactIOn With the aldehyde 240. 
Compound 240 could be produced from an OXidation of the pnmary alcohol 241, wluch 
could m turn be syntheSised by an aldol condensation of the ~-keto ester 212. The 
advantage m thiS case was that formaldehyde was bemg used as the aldol partner. 
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Because it is less sterically demandmg than isobutyraldehyde, it was thought that the 
aldol condensatIOn would have a greater chance of success. The disadvantage was that 
two more steps would be mcluded m the synthesis. It should be noted that Corey 
reported a similar pathway in lus synthesIs of lactacystm (Scheme 15, Page 25).48 
We therefore used the procedure set out by Corey m an attempt to synthesise the 
pnmary alcohol compound 241 (Scheme 61) The procedure used commercially 
available aqueous formaldehyde solutIOn (formalin). 
Scheme 61 
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Reagents and Conditions: a) See Table 7. 
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When the ~-keto ester 212 was subjected to the reaction conditIOns, tic suggested that a 
very clean reactIOn had occurred. Imtial efforts usmg copper sulfate in the work-up of 
the reaction, as descnbed by Corey, faded to YIeld any of the desired product. 
Usmg armnomum chloride m the work-up did make an Improvement. However, a low 
YIeld of the deSired compound 241 was obtamed after work up (Table 7, Entry I) The 
IH NMR spectrum of the crude product showed a mixture of the product, startmg 
material and other decompositIOn products. The low yield might have been due to the 
water present m the reactIOn, and so the excess of formalIn was reduced (Entry 2). 
Unfortunately this did not yield any of the desired compound. 
Table 7 
Entry ConditIOns Result 
I 10 eqUlv CH20(aq), 0 2 eqUlv DBU, THF, -78°C, 0 5 h IS% 
2 2 eqUlv CH20(aq), 0 2 eqUlv DBU, THF, -78°C to rt, 24 h no reaction 
3 10 eqUlv CH20, 0.2 eqmv DBU, THF, -78 QC, 0.5 h 7% 
4 10 equiv CH20, 1.2 equiv NaH, THF, -78°C to rt, 24 h no reaction 
Schlosser and co-workers have reported the preparation ofmonomeric formaldehyde m 
ethereal solutions 71 This was of great interest, as It would elimmate the presence of 
water m the reaction. A solutIOn ofmonomenc formaldehyde was prepared (see Page 
122 for procedure) and used in place of fonnalm (Entry 3). LIke the analogous reaction 
With fonnalm, tic analySIS suggested the startmg material was consumed qUIckly, but 
the reactIOn did not appear as clean This was confirmed by the fact that an even lower 
YIeld of the target compound was obtamed. Because the reactIon was now under 
anhydrous condItIOns, stronger bases, such as sodIUm hydnde could be used, but none 
of the deSIred product was detected my IH NMR spectroscopy. 
The low yield could be due to the product undergoing a retro-aldol reaction upon work 
up. In an attempt to prevent tms from occumng the reaction was repeated m a one pot 
procedure using anhydrous formaldehyde and an oxidant (Scheme 62). 
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Scheme 62 
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The addition of reagents such as PCC or PDC failed to give any of the aldehyde 240, 
but gave only the ~-keto ester 212 (Table 8, Entries I and 2). Using Dess-Martm 
periodmane led to rapid decomposItion of the starting matenal. 
Table 8 
Entry Conditions Result 
I PCC, -78°C to rt, 24 h Starting material 
2 PDC, -78°C to rt, 24 h Starting material 
3 Dess-Martin periodinane, -78°C, 1 h Decomposition 
Due to these findmgs the use of an aldol condensation was abandoned. 
2.2.6 Acylation of the ~-keto ester 212 
Due to the disappomtmg results With the aldol condensatIOns, introducmg the 
hydroxytsobutyl mOiety by an acylalion reaclion was considered. Hamzah61 had 
attempted tlus with Isobutyryl chlonde and obtained the O-acylated compound 242, 
havmg at first thought he had successfully C-acylated the keto-ester 212 (Scheme 63). 
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ThIS was repeated and confirmed that the O-acylated compound 242 had mdeed been 
formed 
Scheme 63 
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Reagents and Conditions: a) Isobutyryl chIonde, pyndme, DCM, rt, 0 5 h, 68% 
Because a C-acylatlon had been successfully performed m the previous step using 
cyanoformates (Scheme 55, Page 60), It was thought that a second acylatIOn, this time 
using an acyl cyanIde would introduce the hydroxy isobutyl moiety (Scheme 64). 
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212 
acylatIOn 0 
• 
OBn 
243 
reductIOn 0 
• 
OBn 
244 
The only drawback here is that the C-9 carbon would be at the wrong oxidatIOn level 
and hence a reduction would be required. However, this could be carned out at the same 
time as the reduction of the C-4 keto function. 
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2.2.6.1 Acylation using acyl cyanides 
The literature suggests that acyl cyanides are good reglOselective C-acylatmg agents, 
but are not commonly used in organic synthesis. Howard and co-workers screened the 
reactIOn of the lithium enolates ofketones With acyl cyanides. These gave the desired ~­
keto esters, With no observed O-acylation.72 The group then successfully used this 
methodology to C-acylate compound 245 With the benzoyl cyanide derivative 246 
(Scheme 65). This gave the deSlfed compound 247 in good Yield, and was subsequently 
used m the synthesIs of the alkaloid elaeocarpme. 
Scheme 65 
OMe 0 
~CN ~ 246 
a 
245 247 
Reagents and Conditions: a) LDA, 246, TIIF, 0 'C, 73% 
Isobutyryl cyanide was reqUired for the acylation of the ~-keto ester 212. Unfortunately 
this reagent IS not commercially avrulable, but was easily synthesised from isobutyryl 
chlonde (Scheme 66), followmg Hunig's procedure.73 Isobutyryl chloride 248 and 
Scheme 66 
H~ a 
248 
Reagents and Conditions: a) TMS-CN, ZnI" reflux, 2 h 
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trimethylsllyl cyanide were heated under reflux in the presence of zmc IOdide, and the 
product 249 was then distilled from the reactIOn mixture Varymg Yields were obtamed, 
but sufficient material was generated to perform test reactIOns on our system. 
With sufficient amounts of 249 available parallel reactions were performed With 
Isobutyryl cyanide and isobutyryl chlonde (Scheme 67). It was hoped that 249 would 
promote a reg:lOselective C-acylatlOn to give the desired compound 243. If successful, 
the full carbon skeleton oflactacystm would have been synthesised in six steps. 
Scheme 67 
OBn KO 0 OBn o~o o~ 0 X + .. ~ 0 
o ~ OMe a o ~ OMe 
Bn Bn 
212 242 243 
Reagents and Conditions: a) See Table 9 
Litluum, sodIUm and potassium enolates of the ~-keto ester 212 were generated Upon 
treatment of the sodium and potassIUm enolates with Isobutyryl chlonde, the O-acylated 
Table 9 
Entry Conditions X Yield 242 Yield 243 
1 KHMDS, THF, O°C, 1 h Cl 48% 
-
2 KHMDS, THF, 0 °C to rt, 24 h CN - -
3 NaH, THF, 0 QC, I h Cl 55% -
4 NaH, THF, 0 °C to rt, 24 h CN - -
5 LHMDS, THF, -78°C to 0 QC, 24 h Cl - -
6 LHMDS, THF, -78°C to 0 QC, 24 h CN - -
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compound 242 was observed (Table 9, Page 71, Entries 1 and 3). The lithIUm enolate, 
however, prevented the formatIOn of any O-acylated compound, but the C-acylated 
compound 243 was not observed (Entry 5). TIns may be because the litluum ion 
aSSOCIatIOn with the oxygen atom was strong enough to prevent O-acylatlOn from 
occumng It was therefore hoped that treatment of the lIthIUm enolate WIth isobutyryl 
cyanIde might encourage C-acylation. 
Unfortunately no reactIon occurred, leaving all the starting matenal untouched (Entry 
6). The sodium and potassium enolates also faIled to gIve any of the desired product 
243 upon treatment with Isobutyryl cyanIde. We believed the faIlure of these reactIOns 
was due to the stenc hmdrance around the C-5 centre. 
2.2.6.2 Acylation using benzotriazole derivatives 
In 2000 Katntzk/4 reported that l-acylbenzotriazoles 251 could act as regioselectIve C-
acylating reagents of ketones to give ~-diketones 252 (Scheme 68) 
The acylating reagent 251 can be synthesIsed m good YIeld by treatmg commerCIally 
aVaIlable benzotriazole 250 WIth an aCId chlonde. The acylation reactIOn proceeds m 
good YIeld following the treatment of the lIthium enolate of a ketone wIth the 
benzotriazole denvative to give the product 252 (Scheme 68). 
Scheme 68 
0 0 
R)lCI (Je} R2J 0 (Je\ R3 Rr,R3 ~ • ~ N a 
O-::::l.Rl 
b H o RI 
250 251 252 
Reagents and Conditions: a) Et,N, DCM, 0 'C, 0 5 h, >95%, b) LOA, THF, -78 'C to rt, 24 h 
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To introduce the correct carbon framework into our system, the benzotriazole derivatIve 
253 was reqUIred. It was synthesised in good yield according to Katntzky's procedure, 
using Isobutyryl chloride ( 
Scheme 69) 
Scheme 69 
0:\ a 0:> ~ , ... O~ N H 
250 253 
OBn 0 OBn KO 
0 
benz + 
... ~ 0 o~o 
o ~ OMe b °W o ~ OMe 
Bn Bn 
212 242 243 
Reagents and Conditions: a) Isobutyryl cblonde, Et,N, DCM, 0 'C, 0 5 h, 88%, b) See Table 10 
Unfortunately, treatment of the keto-ester 212 with base, followed by the benzotnazole 
reagent, failed to give any of the C-acylated product 243 (Table 10), or even the 0-
acylated compound 242. The absence of O-acylatlOn was encouraging, and in an 
Table 10 
Entry Conditions Yield 242 Yield 243 
1 LDA, THF, 0 °C to rt, 24 h - -
2 LHMDS, THF, 0 °C to rt, 24 h - -
3 LHMDS, THF, 0 °C to reflux, 4 h - -
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attempt to force the reaction, It was heated to reflux. However, thiS resulted in complete 
decomposItion of all startmg materials. 
The reactIOn may have failed due to sterJC hmdrance around the C-S centre, and the size 
ofthe benzotriazole reagent 
2.2.6.3 Synthesis via O-acylated compounds 
From the results With acid chlorides shown above, it was clear that the ~-keto ester 212 
could be readil y O-acylated m good Yield. These compounds could therefore be utilised 
m our sYJIthesis of lactacystin. 
The C4-CS double bond in compound 254 could be removed by hydrogenatIOn (Scheme 
70). As shown above (Page 61), the C-3 benzyl ester is labile to hydrogenolysls 
conditions, therefore we would expect compound 255 to be observed dunng the 
reaction. However It was hoped that compound 256 could be obtamed directly. 
Compound 256 could undergo an aldol reactIOn with either Isobutyraldehyde or 
formaldehyde With the POSSibility of obtaimng the hydroxYIsobutyl moiety. 
Scheme 70 
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--! .. ~ 142 
257 
Davld Leach 
-74· Results and DISCUSSion 
Our first aim was the reductIOn of the C4-C5 double bond. The lIterature suggests that 
standard hydrogenatIOn conditions are successful in reducing hmdered double bonds of 
this type. Indeed, Rozze1l75 has reported the reduction of compounds such as 258, and 
Hoffinan76 has quantitatively reduced oxazolmone 260 to oxazohdmone 261 (Scheme 
71). 
Scheme 71 
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Reagents and Conditions: a) 5% Rh/C, H2, THF, rt, 95%, b) 10% Pd/C, H, (50 pSI), EtOH, It, 100% 
With this information, compound 242 was used as a model study Compound 264 was 
also synthesised as the silicon mOiety could easily be removed further along in the 
synthesIs 
The hydrogenolysis conditions had already been developed (Page 61), the reactIOn was 
performed m the same manner but With an extended reaction lime (Table 11, Entnes 1 
and 2). However, only the C-3 debenzylated product 262 was observed (Scheme 72). 
Attemptmg to force the reaction by elevating the pressure of the hydrogen alinosphere 
also failed to produce any of the deSired compound 263. 
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Scheme 72 
OBn 
O~ ~ ):SOR " a ~ 0 ", .. ~O ~ 0 • + 
o ~ OMe o ~ OMe o ~ OMe 
Bn 
Bn Bn 
242 R=C(O)'Pr 262 R=C(O)'Pr 263 R=C(O)'Pr 
264 R=Si('Prh 265 R=Si('Pr)3 266 R=SI(,Prh 
Reagents and Conditions: a) See Table 11. 
Different solvent, catalysts and pressures were screened (Entries 4 to 7) but all failed to 
give any of the desired product. The hterature shows that some more complex catalysts, 
mcluding Crabtree's catalyst have been used for hydrogenation reactIOns (Entry 8).77 
However thiS was also unsuccessful. 
Table 11 
Entry Conditions Result 
1 224,20% Pd(OH)2/C, H2 (I atrn), THF, rt, 48 h 244 
2 224,20% Pd(OH)2/C, H2 (I atrn), THF, rt, 21 d 244 
3 224,20% Pd(OH)2/C, Hz (2 atrn), THF, rt, 3 d 244 
4 224,20% Pd(OH)z/C, Hz (2 atrn), EtOH, rt, 3 d 244 
5 224, 20% Pd/C, H2 (2 atrn), EtOH, rt, 3 d 244 
6 224, 5% RhlC, Hz (2 atrn), THF, rt, 4 d 244 
7 224, Pt02, Hz (1 atm), EtOAc, rt, 3 d decomposItion 
8 224,20 mol% [lr(PCY3)pyr(COD)]PF6, no reactIOn 
H2 (1 atrn), DCM, rt, 3 d 
DaVldLeach -76 - Results and D,scusslOn 
Due to these find10g this pathway was abandoned. These results were very 
disappo1Oting, as It was hoped that the easily fonned O-acylated compounds could be 
used to synthesise the 10tennedJate 142 
2.2.7 AlIylation of the ~-keto ester 212 
Due to the disappo1Ot1Og results from the acylatJon reactions, we were obliged to seek 
an alternatJve strategy. Biichl and co-workers showed that the ~-keto ester 267 could be 
allylated to gIVe a mixture of C- and O-allylated compounds 268 and 269 (Scheme 
73).78 The undeSired O-allylated compound 268 was then subjected to a Clalsen 
rearrangement to give the C-allylated compound 269 as the sole product Rothberg and 
co-workers have reported similar work, but us10g slightly different condltions.79 
Scheme 73 
a 
+ 
267 268 269 
b t 
Reagents and Conditions: a) NaB, allyl brotrude, DMF, rt, 24 h, b) Xylene, reflux, 3 5 h, 62% (from 
267) 
These reports were of great interest because the ~-keto ester was undergo1Og C-
substJtution to fonn a quaternary centre, which has been the aim dunng thiS project. If 
thiS methodology was successfully repeated, there would be suffiCient functJonality 
present m the product to enable the 1Otroduction of the C-9 hydroxy group. 
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USIng the p-keto ester 212, the published procedures were followed In an attempt to 
synthesise the C-allylated product 271 (Scheme 74) 
Scheme 74 
OSn OSn OSn 
O~O ~ 0 a o ~ 0 .. + 
o ~ OMe o ~ OMe , Sn Sn 
212 270 271 
Reagents and Conditions: a) NaH, allyl bronude, DMF, 0 'C to rt, 24 h, 44% 
Following Rothberg's79 procedure, the sodIUm anIOn of212 was formed in THF at room 
temperature and, after the addItion of allyl bromIde, the reactIOn mixture was heated to 
reflux. After a short penod of time, tic showed that all of the startIng material had been 
consumed, but a number of compounds had been formed 
The reactIon was therefore attempted using Btichi's procedure.78 TIns procedure 
performed In the reactIOn In DMF and after stimng the reaction mixture for twenty-four 
hours at room termperature, tic showed that the startIng matenal had been consumed. 
However, the reactIOn appeared much cleaner by tic, allowing the IsolatIOn of the C-
allylated compound 271 In moderate yield, WIth no observed O-allylation. 
This was a very encouragIng result and so, to Introduce the correct carbon framework, 
the reactIOn was repeated WIth methallyl bromIde. As expected, this gave the desired C-
allylated compound 272 In good yield, as a 1:1 mIxture of diastereOlsomers (Scheme 
75). The structure of the compound was confirmed by X-ray crystallography and the 
NMR spectra are shown In AppendIX 2 and 3. 
It IS Important to note that the full carbon skeleton of our desired intermedIate 142 has 
been syntheSIsed In eight steps.80 We used this opportunity to ensure that the C-3 benzyl 
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ester could be removed. As descnbed earlier (Page 61), treatment of 272 WIth 
Pearlman's catalyst under hydrogen atmosphere results in hydrogenolysls and 
concomitant decarboxylatIOn to gIVe compound 273 Unsurpnsmgly, reduction of the 
alkene was also observed. 
Scheme 75 
OBn OBn 
O~o a 0 b • .. 
o ~ OMe 
Bn 
212 272 273 
Reagents and conditions: a) NaH, DMF, methallyl bromide, 0 'C to rt, 24 h, 76%, b) Pd(OH)2, H, (1 
aim), MeOH, 1 h, rt, 82% 
With compound 272 readily available, the hydroxy group at position C-9 needed to be 
introduced (Scheme 76). A carbon-carbon double bond IS present, which IS sufficient 
functionality to be able to perfonn this task. 
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The most direct method would be to perform an allylic oxidatIOn In the hope of 
obtaining compound 274. However, the alkene compound 272 has two allylic pOSitions. 
OxidatIOn at the undesired allyhc posItion would give rise to compound 275. As thiS is a 
less hindered posItion, It IS likely to be the more favoured posItion for an OXidatIOn to 
occur. 
Scheme 76 
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An alternative strategy would be to carry out an alkene migration, giving compound 
276. With this compound In hand, the hydroxy group could be Introduced via well 
known procedures, such as hydroboratlOn or epoxldatlOn. 
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2.2.8 AllyIic oxidation of alkene 272 
Because an allyhc OXIdatIOn is the most direct method for obtaIning our deSIred product, 
this was attempted first. Allyhc oxidation has been wIdely used and reVIewed In organIc 
syntheses.81 
Selemum dIoxIde is the most commonly used reagent for the syntheSIS of allyhc 
alcohols from alkenes Other reagents such as palladIUm and mercury based reagents, 
singlet oxygen and peroxides can also be used. Although more complex systems 
Involving selemum diOXIde are available, the use of a stoichIOmetric amount of reagent 
IS stIlI common and has been used In many natural product syntheses.82 
Although the termInally oXIdIsed compound 257 is thought to be preferred, it was felt 
that thIs pathway should be explored in the hope of obtainIng an acceptable amount of 
256 (Scheme 77). 
Scheme 77 
OBn OBn OBn 
a 
+ 
272 274 275 
Reagents and Conditions: a) See Table 12 
As selemum dIoxide is the most common reagent for this syntheSIS, It was explored first 
(Table 12) Unexpectedly, using a two-fold excess of selenium dIoxide did not gIVe any 
reaction A larger excess of reagent was therefore used, whIch lead to consumption of 
the starting matenal. However, a complex mixlure of products was obtained. 
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Table 12 
Entry Reagents and Conditions Result 
1 2 equiv Se02, EtOH(aq), reflux, 24 h no reaction 
2 4 eqUiv Se02, EtOH(aq), reflux, 3 h complex mixture 
3 Se02, pyndine, EtOH(aq), reflux, 48 h no reactIOn 
4 o 5 equlv Se02, 2eqUiv TBHP, DCM, rt, 48 h no reactIOn 
5 3 eqUiv Hg(OAc)2, toluene, reflux, 3 d no reaction 
6 20 eqUiv Cr03IDMP, DeM, -20°C to rt, 24 h decomposItion 
Selenium dioxide can also be used in the presence of a base, especially when acid labile 
groups are present (Scheme 78) 83 This procedure was attempted but no reactIon was 
observed (Entry 3). 
Scheme 78 
_____ a ___ ~~ HO~~ 
277 278 
Reagents and CondItIons: a) Sea" pyndme, EtOH('q), reflux, 3 h, 42% 
Sharpless and co-workers developed a useful modificatIOn when usmg selenium 
dlOxide.84 The group reahsed that a complication of tlus reactIOn was the formation of 
low-valent selemum, which can lead to unwanted organo-selenium by-products. By 
using a re-oxidant m the reactIon, Sharpless showed that higher YIelds and cleaner 
reactions were observed. The group fOUild that t-butyl hydroperoxlde was a SUItable re-
oxidant. ThIS also gave rise to the possiblhty of usmg a catalytiC amount of selenium 
dIOxide. Unfortunately, repeating this process (Entry 4) did not give nse to any product 
m our hands, and all the startmg matenal was recovered from the reactIon mixture. 
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Rappoport has reported the use of metal acetates for allylic oxidatIOn which has been 
used In qUite complex systems.85,86 The transformation was attempted with mercury 
tnacetate, although It is known that allylic rearrangement is common. However, 
following the procedure set out by Mrozlk,86 no reactIon was observed (Entry 5). 
Chromium trioxlde-3,5-dimethylpyrazole has emerged as a reagent for allylic oxidation 
to form a:,~-unsaturated carbonyl compounds. However, this system is noted for 
requmng a large excess of reagent. 87 Although thiS IS not the deSired product, we 
decided to attempt the reactIon, With the view of redUCing the keto functIOn to the 
alcohol afterwards. Unfortunately, complete decomposition of the starting material was 
observed (Entry 6) and due to these results this pathway was abandoned. 
2.2.9 Alkene isomerisation of compound 272 
Due to the difficultIes faced With allylic OXidation, our efforts turned towards an 
IsomensatlOn of the alkene to give 276 With compound 276 in hand the C-9 hydroxy 
group could be introduced VIa hydroboration or perhaps epoxidatIon (Scheme 79). 
Hopefully, hydroboratlOn could give compound 225, which could be easIly advanced to 
the deSired intermediate 142. 
Scheme 79 
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Standard techniques of olefin IsomerisatIOn are widespread in the literature. Treatment 
of compound 272 with an acid, such as tosic acid, to form the tertiary carbocatlOn, 
which would then equihbrate to form compound 276 fatled in our hands (Table 13, 
Entry 1).88 Base catalysed IsomerisatlOns usmg potassIUm t-butoxide89, potassIUm 3-
ammopropylamlde (KAP A)90 and t-BuLi led to rapid decomposItion of startmg 
material, perhaps due to attack of the benzyhc positions on the molecule (Entnes 2, 3 
and 4). 
Table 13 
Entry ConditIOns Result 
I TsOH, toluene, reflux, 48 h Starting material 
2 KH, 1,3-DAP, I h, rt BnOH 
3 t-BuOK, DMSO, 55 °C, 6 h Decomposition 
4 t-BuLi, Et20, OOC, I h Decomposition 
5 PdlC, EtOH, reflux, 24 h Starting material 
6 Pd(OHh/C, EtOH, reflux, 24 h Starting material 
7 RuCb, EtOH, reflux, 24 h Starting material 
8 RuCh(PPh3h. C6H6i'EtOH, reflux, 24 h Starting material 
9 RuHCl(PPh3)2, C6H6i'EtOH, reflux, 24 h Starting material 
10 IrCI(CO)(PPh3h, C6H6, reflux, 4 d Starting material 
Danishefsky and co-workers reported an olefin IsomensatlOn m their synthesis of 
sPlrotrypostatm A usmg ruthenium (Ill) chloride tnhydrate as catalyst.91 The system 
used was qUIte simtlar to ours, but unfortunately usmg their procedure failed to give any 
of the desired product (Entry 7). 
Another well docmnented approach for the isomerisatIOn of tenninal double bonds IS 
the use of organometallic reagents. Under these conditions the literature contains only 
the IsomensatlOn of very Simple systems, for example I-pentene to 2-pentene.92 On 
treatment of the alkene 272 with vanous organometalhc reagents (Entnes 8, 9, and 10) 
only startmg material was retrieved. 
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The alkene could be transformed to an epoxIde (Scheme 80) and opened to gIve a 
tertIary alcohol. ElimmatlOn of water would gIve the target isomerised compound 276. 
However, thIS would be a long route for what was thought to be a simple 
transformation. 
Scheme 80 
OBn OBn 
a 
272 280 
Reagents and Conditions: a) DMDO, acetone, 0 DC, 4 h, 42% 
Upon treatment of the alkene with mCPBA, surprismgly no reactIon occurred, and all 
the starting matenal was recovered. However, using a solution of dimethyldioxrrane in 
acetone, gave the desired epoxide 280, but m moderate YIeld, as a 2:2:1:1 mIxture of 
diastereoisomers. As a result thIS pathway was not pursued any furtber. 
We were surprised that we could not achIeve olefin Isomensation. We hypothesIsed that 
there is no SIgnIficant increase in stabIlIty of the desired product over the starting 
material for any reactIOn to occur. 
2.2.10 Synthesis via ozonolysis 
In a furtber attempt to proceed WIth the syntheSIS via our intermediate alkene 272, other 
pathways were explored. One optIon was to convert the alkene to a ketone by 
ozonolysis (Scheme 81), creatmg the possibilIty of mtroducing the C-9 hydroxy mOIety 
using enolate chemistry. If successful, the alkene could be regenerated by a WittIg 
reactIOn, for example. Finally, a one-pot hydrogenolysislhydrogenatlOn reactIon, as 
desCTIbed earlier (Scheme 75, Page 79) would give the mtermedlate 283. 
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Scheme 81 
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First, the ozonolysIs was explored; by subjecting the alkene 272 to standard ozonolysis 
conditIOns, the ketone 281 was produced m excellent Yield as a mixture of separable 
diastereoisomers (Scheme 82) 
Scheme 82 
OBn OBn 
a 
272 281 
Reagents and Conditions- a) I 0,10" DCM, -78 ·C, 11 DMS, rt, 30 mm, 95% 
With multlgram quantitJes of compound 281 available to us, the mtroductlOn of the C-9 
hydroxy mOiety could now be explored. 
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2.2.10.1 a-hydroxylation of compound 281 
The epoxIdahon of silyl enol ethers has been reported by Danishefsky (Scheme 83).93 
The group used dlOxirane reagents for the epoxIdation, and under mild acidic 
conditIons, the 2-sIiyloxyoxirane 286 rearranged to give the a-hydroxy ketone 287. 
Other oxidants have been reported,94 and the system can be used in an asymmetric 
fashion by using the Sharpless dIhydroxylatlOn protoco1.95 
Scheme 83 
0 OSIR3 OSIR3 ~R2 a Rl~R2 b JxR2 Rl ~ .. Rl .. 
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287 
Reagents and CondItions: a) R,SI-OTf, Et,N, DCM, b) DMDO, acetone, -78°C to rt 
In order to repeat this procedure using our system, the sIlyl enol ether 288 was required 
(Scheme 84). It was hoped that tlus could be aclueved by trapping the 
thermodynamIcally more stable enolate WIth TBS-chlonde (Table 14, Entnes 1 and 2). 
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Scheme 84 
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Reagents and Conditions: a) See Table 14 
Unfortunately this was not successful so the more reactive TBS-tnflate was used. The 
resulting oxocarbenium ion was then quenched with tnethylamIne. However, to our 
surpnse we believe the rearranged product 289 was isolated. 
Table 14 
Entry Conditions Result 
1 NaH, TBS-CI, THF, reflux, 24 h no reaction 
2 NaH, TBS-CI, DMF, rt, 24 h no reactIOn 
3 TBS-OTf, EtJN, DCM, rt, 24h 95%289 
The IH and BC spectra for thiS compound are shown in Appendix 5 and 6 respectively 
The structure of thiS compound is believed to be correct due to a number of features In 
the NMR spectra The most stnkIng feature was the simpliCity of the spectra. Only one 
dlastereoisomer would not be expected to be gaIned from this reaction and therefore we 
concluded that the compound was an enantiomer. It would be reasonable to assume that 
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the C-5 centre has been transformed into a Sp2 centre. Also, a signal would be expected 
In the BC NMR spectrum at -200 ppm for the C-4 carbonyl carbon and thiS IS clearly 
not present, suggestIng that a C-4,5 double bond was present This indicated that the 
compound was an O-subslJtuted compound 
The signals at -0 07 ppm and 0.74 ppm In the IH NMR spectrum indicated that the TBS 
group was present. A negative signal for a terminal methylene carbon was not present in 
the l3C DEPT spectrum, but signal at 1.52 ppm in the IH spectrum and 18.38 ppm in the 
BC spectrum suggested a terminal CH) group. A signal at 98.29 ppm and a signal at 
III 04 ppm In the l3C spectrum suggested that an Internal tn-substituted double bond 
was present. All these features suggested that the structure was compound 289 
The hterature did not offer any precedent for the formatIOn of thiS type of compound 
By devising a mechanism for the rearrangement, we hoped to understand and thereby 
prevent its formation (Figure 7). 
Figure 7 
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Under the reaction condItions it was reasonable to assume that compound 290 was 
present, which we hoped would eqU1ltbrate to the desired product 288. ThIs species 290 
may undergo a retro-Claisen type rearrangement to give mtermedlate 291 followed by 
the enol double bond Isomerisation to give the observed product 289. 
If the mechanism IS adopted then to prevent product 289 from bemg formed, the 
sigmatroplc shIft could be stopped. To do this the C-4 keto functIOn could be reduced to 
the alcohol, whIch would also be the correct oxidation level for the natural product. 
Reduction of compound 281 would not be pOSSIble due to reglOseiectlVlty problems, so 
the alkene compound 272 must be used. 
2.2.11 Reduction of the alkene compound 272 
Our strategy now was to reduce the C-4 keto functionality m compound 272 and 
ozoruse the alkene moiety. The a-hydroxylatlOn could be achieved forming the silyl 
enol ether 293 (Scheme 85) It should be noted that the C-4 hydroxy functionality WIll 
be protected m-situ. 
Scheme 85 
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There IS a wealth of mformatlOn m the literature discussmg the reductIOn of ~-keto 
esters to ~-hydroxy esters, and some groups have reported performing such reductions 
stereoselectively. At this stage synthesismg the ~-hydroxy ester m a stereoselective 
manner was not Important; we simply wanted to perform the reductIOn so that the a-
hydroxylation could be researched. 
When the alkene compound 272 was subjected to sodIUm borohydnde in methanol, the 
startmg material was qUickly consumed. After column chromatography, compound 292 
was successfully Isolated as three separable isomers. Usmg borohydride on a polymer 
support was also attempted because we did expenence problems when Isolatmg the 
product 292 from the reaction medium. However, the maximum yield achieved was 
only 27% after usmg a large excess of reagent and extendmg the reaclion time. 
Scheme 86 
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Reagents and CondItions: a) NaBH" MeOH, 0 °C to rt, 0 5 h, 68% 
With compound 292 now III hand the ozonolysis step could be repeated to give 
compound 294 Subjecting a mixture of the three Isomers of the ~-hydroxy ester 292 to 
the same ozonolYSIS condilions as descnbed m Scheme 82, loss of starting material was 
observed and three different spots on tic, suggestmg the formation of three Isomers of 
the deSIred product 294. To our surprise It appeared that only two isomers of the 
product 294 had been obtamed, with the third product being the lactol 295. 
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Scheme 87 
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Reagents and Conditions: a) 1 0,10" DCM, -78 °C, 2 DMS, rt, 24 h 
It would be reasonable to suggest that the dlastereoisomer With the C-4 hydroxy group 
and the C-5 oxo-propyl group In a syn relationship to each other IS undergoIng a nng 
closure to form the lactol 295. The antI diastereoisomers remaIn as the nng opened 
product 294. The C-4 and C-5 centres of the syn diastereoisomer has the wrong 
relatIOnship for the natural product, therefore this dlastereoisomer was discarded 
The conditIOns as descnbed in Scheme 84 were applied to the formatIon of the silyl enol 
ether 293 (Scheme 88). It was hoped that the rearranged product 289 would not be 
formed. Only a small amount of time was spent on this reaction, but the rearranged 
product 289 did not form, indicatIng that the proposed mechanism for ItS formation 
could be correct (Figure 7, Page 89). 
Scheme 88 
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AnalYSIS of the IH NMR spectrum of the crude matenal from this reaction suggested 
that the desIred compound may have been present, but we were unable to gather any 
more evidence to support tlus. 
2.2.12 Synthesis using N-(p-methoxybenzyl)-glycine ethyl ester 296 
Throughout this project we were conscIOUS of the fact that we had not removed the N-
benzyl protectmg group. Therefore the N-benzyl protectmg group was replaced wIth a 
more labile p-methoxybenzyl group. 
In order to do this we had to return to the start of the synthesis and replace N-benzyl 
glycme ethyl ester 196 WIth N-(p-methoxybenzyl)-glycme ethyl ester 296 
Unfortunately compound 296 IS not commercially available, but it was felt that it could 
be synthesIsed m a similar manner to the benzyl analogue 197 (Scheme 47, Page 54) 
Using the same condItions as for the syntheSIS of the benzyl analogue 196 resulted in a 
68% YIeld of the desired product. A report by Williams suggested that compound 296 
could be syntheSIsed m hIgher yield m the presence of triethylamine.96 Upon repeatmg 
the published procedure the desIred product 296 was obtamed m excellent YIeld 
(Scheme 89). 
Scheme 89 
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Reagents and Conditions: a) p-methoxybenzylanune, Et,N, THF, rt, 4 h, 99% 
WIth compound 296 available the condensatIOn reaction could now be attempted to 
fonn the DIeckmann cyclIsation precursor, in the same manner as before. Hence, 
treatment of compound 278 WIth benzyl malonyl chlonde 213, whICh was synthesised 
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fonn dlbenzyl malonate as described above (Scheme 45, Page 52), under identical 
conditions as for the benzyl series, gave the desired product 297 in good yield (Scheme 
90) 
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Our attentIon now turned to the Dieckmann cychsation It was found that by usmg the 
same conditions as for the synthesis ofthe benzyl analogue, the deSired product 298 
Scheme 91 
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could be synthesised in 32% yield, With the O-alkylated product 299 m 19% yield 
(Scheme 91). At tlus stage the lower Yield of compound 298 was not a major problem, 
as It was felt the Yield could be Improved by opl!misal!on in the future. 
With compound 298 now m hand, the C-5 methyl ester functionality was mtroduced 
using Manders' protocol, to give compound 301 in good yield, as a single 
dlastereoisomer (Scheme 92).67 
Scheme 92 
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Reagents and Conditions: a) LHMDS, DMPU, methyl cyanofonnate, THF,-78 'C, 2 h, 61% 
At this stage the removal of the protecting group from the nitrogen atom was attempted 
(Scheme 93). Thus, treating the ~-keto ester 301 With eerie ammonium nitrate resulted 
in the starting matenal bemg consumed after approximately three hours, accordmg to 
tIc. Column chromatography resulted m the deSIred product bemg Isolated, but m 
average Yield. 
Scheme 93 
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Reagents and ConditIons: a) CAN, ACNIH,O (3 I), rt, 3 h, 36% 
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However it was encouragmg to find that the protecting group could be successfully 
removed from the nitrogen atom. 
2.2.13 C-S Substitution of the ~-keto ester 301 using activated carbonyl 
compounds 
Due to the problems faced in subsituting the ~-keto ester 212, we sought other means of 
performmg tlns transformation A possibility was to use more acllvated carbonyl 
compounds than those already used, as electroplnles for susbllltuting the ~-keto ester 
301 at poslllon C-S. Such reagents mclude a-bromo ketones and pyruvic aldehydes, 
which have much more electrophlhc carbon centres than the acyl chlorides, acyl 
cyarudes, aldehydes and alkyl hahdes already used. 
To invesllgate if such electrophiles would be sUitable, commercially available I-bromo-
butan-2-one was used as a test reagent. It was clear that the product from this reacton 
would be of very little use in our synthesis, but it would show that more reacllve 
eiectrophiles are needed for this transformatIOn Also, if a-bromo acetone could be 
sourced and used in the reactIOn, thiS would give the same product obtained from the 
ozonolysis of the alkene compound 281 (see Scheme 82, Page 86). Hence our current 
synthesis could be reduced by one step. 
Scheme 94 
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Reagents and Conditions: a) NaH, DMF, 0 °C to rt, 3 h, 29% 
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From our earher work on the alIylatIOn of an analogue of compound 301, we knew that 
the enolate of this compound could be prepared using sodIUm hydnde III DMF. 
Therefore the same conditions were used here (Scheme 94). After a short penod of 
time, tIc analYSIS showed that the starting material had been comsumed, and compound 
304 was Isolated, abelt III 29% yield, as a smgle dlastereoisomer. Although the yield 
was poor, It did show that more powerful electrophiles are required for substituting the 
~-keto ester 301. It would be hoped that the Yield of thiS transformatIOn could be 
Improved With future method development. 
The use of a pyruvic aldehyde was also considered and the ethyl glyoxalate was used as 
a test reagent, to assess whether these types of reagents were of use (Scheme 95) Such 
reagents are much more electroplulic than the aldehydes mentIOned previously, and 
would introduce the C-9 hydroxy functionahly, which has proven difficult thus far 
However, using the same conditions as With the a.-bromo ketone reagent, none of the 
deSired compound 304 detected, with the starting matenal belllg recovered. 
Scheme 95 
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Reagents and Conditions: a) NaH, DMF, 0 'C to rt, 3 h,O% 
Due to the pyruvic aldehyde being unsuccessful we attempted to substitute the ~-keto 
ester 301 With dlCthyl ketomalonate (Scheme 96) The keto function in these reagents 
should be more electroplulic than those in pyruVIC aldehydes do, even though they are 
more hindered Once again, the product 305 would be of little use in the overall 
synthesis. 
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USlOg the same condItIons as wIth the other electrophrles, a number of product were 
observed by tIc analysIs. However the deSIred compound could be isolated, but only m 
14% YIeld. 
2.2.14 Palladium catalysed allylic alkylation ofthe ~-keto ester 301 
PalladIum catalysed aIlyirc alkylatIOns are a powerful tool for the controlled 
introductIOn of carbon-carbon bonds in organic compounds (Scheme 97) A 1t-allyl 
complex 307 can be formed from the reation of an allylic compound 306 WIth a 
palladIUm source, followed by nuc1eoplulic substitution to give either 308 or 309, 
depending on the substitutIOn pattern of the substrate 306. 
Scheme 97 
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There has been a lot of work performed focussmg on the reglOselechVlty of the reactIOn. 
A report by Cazes et at showed that by using allylic acetates 310 m the reaction of 
vanous sodlOmalonates 311 to gtve the product 312 reglOselectively (Scheme 98) 97 
This work was very interesting as it could mtroduce the C-9 hydroxy group and, by 
using a slightly different reagent, introduce the correct carbon framework for the 
synthesis of lactacystm. Trost and co-workers have also performed Similar work using 
gem-dlacetates,98 and has used this methodology in the synthesIs of Sphmgofungtns E 
and F.99 
Scheme 98 
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As compound 310 was not commercially available, we were obliged to synthesise It 
from compound 313. DIBAL reduction using the procedure reported by QuanglOO gave 
the correspondmg allyhc alcohol, which is reported to be unstable, so therefore the 
crude matenal from thiS reactIOn was treated with acetic anhydride to gtve the deSlfed 
compound 310 m 30% yield from 313. Although the Yield otfthe deSired product was 
moderate, suffiCient matenal was produced to study the allylic alkylahOn reaction. 
Scheme 99 
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Reagents and Conditions:.) DIBAL-H, hexanes, rt, 2 h, b) Ac,O, Et,N, DMAP, DeM, 2 h, 30% 
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With 310 now aVaIlable the palladIUm catalysed allylIc alkylation was attempted 
(Scheme 100) The enolate of compound 301 was treated with compound 310 in the 
presence of Pd(PPh3)4 and we were pleased to discover that the desired copound 314 
had been synthesised ill 19% yield. 
Scheme 100 
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Reagemts and Condlloos: a) I NaH, THF, 40°C, 1 h, 11) Pd(PPh')4, 311,40 °C, 48 h, 19% 
With this knowledge, the reactIOn could be attempted using the reagent 315 (Scheme 
101). This would introduce the correct carbon framework for the natural product and a 
global deprotection could be performed to give our deSired intermediate 142. 
Scheme 101 
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However due to time constamts the work was term mated at this point, but this chemistry 
has rasied an Opportulllty for future research Should thiS route be successful, the full 
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framework of our desired mtennedJate 142 could be synthesIsed m six steps WIth one 
deprotectlOn step to gIVe the desIred mtennedlate. 
2.3 Conclusion 
Our approach towards the synthesIs of lactacystin began WIth the condensation of N-
benzylglycme ethyl ester wIth benzyl malonyl chlonde. N-benzylglycme ethyl ester was 
synthesised from ethyl bromoacetate and benzylamme, wlule benzyl malonyl chlonde 
was prepared by the mono-hydlOlysls of dlbenzyl malonate followed by treatment WIth 
oxalyl chlonde to gIve the acid chlonde. 
o 
The lactam core of the natural product was fonned by a Dleckmann cychsation of the 
dIester compound 193. Attempts to perfoml the Dleckmann cychsation WIth sodIUm 
hydnde gave InconsIstent results. However, usmg TBAF enabled the reaction to 
proceed smoothly. The resultlllg tetrabutylammonlUm salt was quenched WIth methyl 
IOdIde to mtroduce the C-3 methyl moiety 
FonnatlOn of the C-5 quaternary centre was aclueved by firstly treatmg the lactam 198 
WIth methyl cyanofonnate to perfonn a reglOselectIve C-acylatlOn. Fonnation of the 
OXIdIsed compound 215 was suppressed ThIS was then followed by an allylation 
reactIOn to mtroduce the Isobutyl mOIety, whIch resulted in the synthesis of the full 
carbon skeleton of our deSIred mtemledlate 125 
Attempts to introduce the hydroxYlsobutyl moiety using an aldol condensation with 
Isobutyraldehyde or fonnaldehyde failed under vanous condItIons In addition attempts 
to perfonn a second reglOselectIve C-acylatIon WIth ISO butyryl cyanide or isobutyryl 
chlonde resulted m either O-acylatlOn, or no reaction occurred The use of the 0-
acylated compounds to contmue with the syntheSIS was unsuccessful. 
IntroductIOn of the C-9 hydroxy functlOnahty by allyhc OXIdation, or by perfonning an 
olefin Isomerisation, so the C-9 hydroxy functionalIty could be mtroduced by other 
means, were unsuccessful ThIS transfonnatlOn was achieved by first ozorusmg the 
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alkene 254, which proceeded smoothly. a-hydroxylation Via a silyl enol ether gave an 
unexpected result. The undesired compound 271 was actually formed. 
Therefore the order in which the synthesIs proceeded needed to be altered. The C-4 keto 
function had to be reduced to the correct oXidatIOn level, as III the natural product. The 
a-hydroxylation conditIOns did not give the by-product 271 but began to show promise 
Scheme 102 
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Reagents and CondItions: a) Benzylamme, THF, It, 3 h, 95%, b) Benzyl malonyl chlonde, pyndme, 
DMAP, DCM, ri, 4 h, 95%, c) 1 TBAF, Et,O, ri, 1 h, 11 Mel, THF, rt, 24 h, 53%, d) LHMDS, DMPU, 
methyl cyanofonnate, THF, -78°C, 2 h, 80%, e) NaH, melhallyl bronnde, DMF, ri, 24 h, 76%, f) 
NaBH" MeOH, ri, 30 mm, 68%, g) 1 0,10" DCM, -78 QC, 11 DMS, ri, 24 h 
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that the thermodynamic enol ether was mdeed bemg formed. However, no defimtive 
eVidence could be obtamed to validate tins claim 
It has been shown that the C-3 benzyl ester blockmg group, that IS reqUired for our 
synthesIs can be removed easily by hydrogenolysls However, the N-benzyl protecting 
group could never be removed. As a result, the synthesIs was repeated with a p-
methoxybenzyl protecting group on the mtrogen atom, and which was removed uSing 
cenc ammonium mtrate 
SubsltlUtlOn of the ~-keto ester was attempted with more reactive electrophlles, due to 
the problem faced In completmg the C-5 quaternary centre It was found that a-bromo 
ketones and keto malonates could be used, whereas pyruVIC aldehydes could not. Also a 
palladIUm catalysed allyhc alkylatIOn gave some promise that the full skeleton of our 
deSired mtelmedlate 142 could be prepared In a slnlge transformatIOn. 
In conclusIOn, the ll1termedlate 294 has been prepared on a mutligram scale (Scheme 
102). This Will allow the facile access to the deSired ll1termedlate 142, and hence to a 
formal synthesIs oflactacystln 
2.4 Recommended Future Work 
Work m the Immediate future should focus on gall1mg evidence for the formation of the 
silyl enol ether 293. If this compound can be synthesised, It can be elaborated to the a-
hydroxylated compound 317 (Scheme 103). TIllS step could also be performed 
Scheme 103 
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asymmetrically to control the stereochemistry of the C-9 centre. 
Due to the problems faced III removal of the N-benzyl protecting group, the p-
methoxybenzyl series could be explored flU ther. The Dieckrnann cychsation step can be 
developed III order to improve the YIeld of the lactam 280, and the yield of the final 
deprotected compound should be higher than that reported here. 
The palladIum catalysed allylic alkylatIOn of the p-keto ester 301 could be explored 
further Improve the Yield of the reaction If successful the reactIon could be performed 
in an asymmetric fashIOn usmg cimal phos ph111e ligands. This has been demonstrated by 
Trost (Scheme 104) 98 Usmg a range of p-dlester compounds 318 as nuclephIies, gem-
dlacetate compounds 319 '" ere used to perform an asymmetnc alkylation reaction in the 
presence of the chlral phosphine ligand 320 The products 321 were syntheSised in good 
yield and With a high levels of enanlIoselectlVlty. 
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ThIS methodology could be used on our system USIng the S,S-Isomer of 320 to gIve the 
correct stereochemIstry at posItIon C-9, as In 322 By changIng the gem-daicetate 
reagent, the full carbon framewolk of our desIred 111termedlate 142 could be obtaIned. 
StereochemIcal control should be consldeled, so the strategy can be modified to an 
asymmetnc syntheSIS The C-5 quaternary centre could be controlled by introducmg a 
chiral auxlhary, such as an Evans' oxazohdmone The allylatlOn reactIOn could then be 
performed 111 an asymrnetnc fashIon to gIve compound 324 (Scheme 105) 
Scheme 105 
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Reagenls and CondItIons: a) LHMDS, -78 QC, b) NaH, methallyl bronude, DMF, rt 
As mentIOned above, the reduclIon of the C-4 keto functIOn can be performed in a 
stereos elective manner. Oshlma and co-workers reported the reduction of p-keto ester 
325 with sodIUm borohydnde (Scheme 106) 101 In the presence of a catalylIc amount of 
manganese (H) chlonde the Isomer 326 predomInates, because the hydride ion is 
dehvered from the least hmdel ed face of the mtermedlate 328. When no catalyst IS 
present, there IS no chelatIon control and Isomer 327 is the major product isolated, as the 
hydnde attacks from the opposIte face to the ester functlOnahty. It IS, however, unclear 
whIch subslItuent in our system WIll predo111111ate and hence influence the dlreclIon of 
attack of the hydride Ion 
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The C-3 centre will be somewhat more unpredictable, in terms of being control of the 
stereochemistry. The current strategy mvolves an alkylation of the tetrabutylammomum 
salt 300 to introduce the C-3 methyl group, which could be controlled usmg chlral 
auxIlIaries. However, this would be of no use as the hydrogenolysls and 
decarboxylatIOn of the C-3 benzyl ester proceeds through a planar intermediate (Scheme 
107, 330), which would result in the loss of any stereochemical mformatIon at that 
centre. If this step is performed at the end of the synthesis the correct stereochemistry 
may be obtained, because It is reasonable to assume that the natural product adopts the 
Scheme 107 
329 330 
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more thermodynamically stable configuratIOn, and therefore we should obtain the 
correct stereochermstry. 
Whether m racemic or asymmetric form, the final stage WIll be to treat our target 
intermedIate 142 WIth IItlnum hydroxIde. Treatment wIth BOPCI could gIve the ~­
lactone 3 (Scheme 108). 
Scheme 108 
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Reagents and Conditions: a) I LIOR, THFIH,O, 11 BOPC1, Et,N, DCM, b) N-acetyl-cysteme, Et,N, 
DCM, 23 'C, 4 h, 99% 
Treatment of thIS compound WIth N-acety1cysteme WIll gIve lactacystm 1, as reported 
by Corey.48 
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3.Experimental Section 
3.0 Experimental Section 
3.1 General Experimental Procedures 
3.1.1 Purification ofreagents and solvents 
Commercial reagents were obtained from the A1drich Chemical Company Ltd, 
Lancaster ChemIcal SynthesIs Ltd or Strem and were used at the quality in which they 
were supplIed unless otherwIse stated. Compounds were stored as directed by the 
supplIer. AIr sensItIve compounds were kept In septum capped bottles whenever 
possIble, or were stored in a desIccator over silica gel. 
When reqUIred, solvents used for colmnn chromatography and reactIons were purified 
in the folIowing manner: 
• Light petroleum is the fraction of petroleUlll ether, which boIls between 40°C and 
60 °C and was dlstiIIed from anlIydrous calciUlll chlonde. 
• Ethyl acetate was dlstlIIed from caIcIUlll chloride. 
• Dlchloromethane was dlstIlIed from calciUlll chlonde and then stored over 
phosphorus pentoxlde for anlIydrous reactIOns. 
• Tetrahydrofuran and dlethyl ether were disti1Ied from the sodlUm/benzophenone 
ketyl radIcal. 
3.1.2 Preparation of glassware 
Moisture sensItive reactions were perfonned using glassware that had been dried in the 
oven at 150°C. The glassware was cooled In a desiccator over SIlIca gel, sealed with a 
septum cap and flushed with mtrogen. Reagents and solvents were then introduced 
USIng synnge or cannula techniques. 
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3.1.3 Analysis of compounds 
Proton nuclear magnetic resonance eH NMR) experiments were performed on either a 
Broker AC-250 or a Broker DPX-400 machIne. Samples were made up in deuterated 
solvent and all values are quoted in ppm relative to tetramethylsilane. MultiplicIties 
were recorded as sInglets (s), doublets (d), tnplets (t), quartets (q), heptets (hept), 
double doublets (dd) and multiplets (m) Couphng constants (J) are recorded In Hertz 
(Hz). Carbon NMR, DEPT, COSY, HMQC and HMBC expenments were carried out 
on the same instruments. 
Infra-Red (IR) spectroscopy was carried out on a PerkIn Elmer Paragon 1000 FT-IR 
spectrometer between 600 and 4000 cm-I Solid samples were analysed as a solution in 
DCM, while oJ! samples were used neat 
Mass spectra were recorded USIng a KRATOS MS-80 Instrument. 
Elemental Analyses were performed on a PerkIn Elemental Analyser 2400 CHN. 
Melting points were carned out WIth a Sheet Scientific SMP3 apparatus 
ThIn layer chromatography (tic) was performed using alumimum backed plates coated 
with 0.2 mm of silica containIng fluorescar The plates were visuahsed under UV hght 
(254 nm) or by staimng with potassIUm permanganate solutIOn or phosphomolybdIc 
aCId solutIOn. 
X-ray crystallography was performed by Prof. Vlckie McKee and Dr. Mark Elsegood. 
CrystaIlographlc data for compounds 215 and 254 are shown on Pages 152 and 157 
respectively. 
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3.2 Individual Experimental Procedures 
Potassium benzyloxycarbonyl acetate, 331 
OBn OBn 
O~OBn BnOH,KOH O~O_ .. roonatennperature K+ 
210 331 
A solution ofKOH (9.80 g, 0.176 mol) In benzyl alcohol (176 ml) was added gradually 
to a solution ofdlbenzyl malonate 210 (50.0 g, 0.176 mol) In benzyl alcohol (440 ml). 
The reactIOn was stirred for four hours at ambient temperature after which It was diluted 
with diethyl ether (2 L) resulting in a colourless precipitate. The mIXture was stirred for 
thirty mInutes and the product 331 was removed by filtratIOn and washed with diethyl 
ether (3 x 200 ml) and air dned (334 g, 82%).62 mp 201°C, (Found: C,5!.59%; 
H,3.75%. ClOH9K04 reqUITes C,5!.71 %; H,3 91 %); vrnax(mull)/cm-l : 1724 (C=O); 
(Found: MH+, 233.oz13. ClOH9K04 requires 232.0138), rnlz. 233 (M+I, 18), 192 (lOO), 
154 (41), 136 (34); (lH (D20, 400 MHz): 335 (2H, s, OCC!!zCO), 5.16 (2H, s, 
OC!!zPh), 7.38-7.46 (5H, m, Ar H); (le (D20, lOO MHz). 4757 (OCCH2CO), 70.11 
(OCH2Ph), 131.08 (Ar olm), 131.47 (Ar p), 131.73 (Ar olm), 138.44 (Ar IpS), 17403 
(C=O), 176 78 (C=O). 
Benzylamino acetic acid ethyl ester, 196 
benzylamme, THF 
..-.......OEt 
Br 11 
o room temperature 
214 196 
Ethyl bromoacetate 214 (244 ml, 022 mol) In THF (120 ml) was added gradually to a 
solution of benzyl amine (42.9 ml, 0.484 mol) in THF (120 ml) at 0 cC, resulting In a 
white mixture. This was stirred at ambient temperature for four hours, after which the 
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mixture was evaporated to dryness. The residue was slumed m dlethyl ether (150 ml), 
filtered and concentrated to give the desired compound 196 (40.2 g, 95%).64 The 
product was purified by column chromatography on sihca gel usmg diethyl ether as 
eluent for analytical purposes, but was also used crude. vrnax(neat)/cm-1• 3339 (N-H), 
1736 (C=O), 1027 (C-O); (Found: M+, 193.1 103 CllH1SN02 requires 193.1103); rnIz: 
193 (M+,4%), 120 (54), 106 (30), 91 (100); IiH (CDCh, 400 MHz). 1.17 (3H, t J= 8 0 
Hz, OCH2C!b), 1.86 (!H, br s, N!!), 3.30 (2H, s, NHC!!zCO), 3.70 (2H, s, NC!!zPh), 
4.08 (2H, q J= 80Hz, OC!!zCH3), 714-7.23 (5H, m, AI H); lie (CD Ch, 100 MHz): 
13 20 (OCH2C!b), 49.08 (NHCH2CO), 5225 (NCH2Ph), 59.64 (OCH2CH3), 126.10 
(AI p), 127.23 (Ar aim), 127.40 (Ar aim), 138 55 (AI IpS), 171 36 (C=O). 
N-Benzyl-N-ethoxycarbonylmethyl-malonic acid mono amide benzyl ester, 211 
331 
Method A 
I) oxalyl chlonde, rt 
2) N-benzyl glycme ethyl ester, 
pyndme, DMAP, DCM 
OBn 
o~OrOEt 
o N 
I 
Bn 
211 
The potassIUm salt 331 (33 g, 0 142 mol) was suspended m toluene (300 ml) and oxalyl 
chloride (37.2 ml, 0 462 mol) was added at ambient temperature. The reaction mixture 
was stirred at ambient temperature for twenty-four hours after which the solvent and 
excess oxalyl chlonde was removed to give the acid chloride.63 The crude acid chloride 
was dissolved in DCM (200 ml) and added to a solutIOn of N-benzyl glycine ethyl ester 
196 (3 g, 0.17 mol) in DCM (200 ml) at 0 QC. Pyndme (13.8 ml, 0.17 mmol) and 
DMAP (0.86 g, 7.1 mmol) were also added at 0 QC. The reaction mixture was allowed to 
reach ambient temperature and was stlITed for four hours. The reaction mixture was 
washed With 5% HCI (2 x lOO ml) and water (2 x lOO ml), dried (MgS04) and 
evaporated to gIVe the product 211 as an orange Oil (49.8 g, 95%), vrnax(neat)/cm-1: 3030 
(Ar C-H), 2982 (Sp3 C-H), 1740 (C=O), 1662 (C=O), 1453 (Sp3 C-H), 1265 (C-O), 1196 
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(C-O), 733 (spJ C-H); (Found. M" 369.1570 C21H2JNOs reqUires 369.1576); m1z: 369 
(M+, 3%), 278 (7), 192 (99), 118 (12), 91 (100); BH (CDC!), 400 MHz): 1.13 (3H, t J= 
6.8 Hz, OCH2C!b minor rotamer), 1.15 (3H, t J=7.2 Hz, OCH2C!b major rotamer), 
3.45 (2H, s, OCCfuCO minor rotamer), 3.52 (2H, s, OCCfuCO major rotamer), 3.84 
(2H, s, NCfuCO minor rotamer), 3 96 (2H, s, NCfuCO major rotamer), 4.04 (2H, q 
J=72 Hz, OCfuCH3 minor rotamer), 4 07 (2H, q J=7.2 Hz, OCfuCH3 major rotamer), 
4.53 (2H, s, NCfuPh major rotamer), 4.59 (2H, s, NCfuPh minor rotamer), 5.08 (2H, s, 
OCfuPh major rotamer), 5.11 (2H, s, OCfuPh minor rotamer), 6.99-7.27 (20H, m, Ar 
H); Bc (CDC!), 100 MHz): 14.11 (OCH2!;H3 minor rotamer), 14.14 (OCH2!;H3 major 
rotamer), 41.07 (OCCH2CO major rotamer), 41.34 (OCCH2CO minor rotamer), 47.16 
(NCH2CO major rotamer), 4902 (NCH2CO minor rotamer), 49.92 (OCH2CH3 minor 
rotamer), 5279 (OCH2CH3 major rotamer), 61 26 (NCH2Ph major rotamer), 61.78 
(NCH2Ph minor rotamer), 67.28 (OCH2Ph major rotamer), 6737 (OCH2Ph minor 
rotamer), 126.96 (Ar C), 127.74 (Ar C), 128.11 (Ar C), 12839 (Ar C), 128.46 (Ar C), 
128.59 (Ar C), 12864 (Ar C), 128.71 (Ar C), 12876 (Ar C), 128.78 (Ar C), 12883 (Ar 
C), 128.89 129.07 (Ar C), 129 16 (Ar C), 12926 (Ar C), 135.32 (Ar C), 135.41 (Ar C), 
136.08 (Ar C), 16652 (C=O), 166.90 (C=O), 167.03 (C=O), 16721 (C=O), 168.76 
(C=O), 168 80 (C=O). 
MethodB 
The potassIUm salt 331 (0.5 g, 2 57 mmol) was suspended In toluene (5 ml) and oxalyl 
chloride (0.67 ml, 7.72 mmol) was added at ambient temperature The reactIOn mixtUre 
was stIrred at 34°C for twenty-four hours, after WhICh the solvent and excess oxalyl 
chlonde was removed to give the acid chlonde (0.53 g). The crude acid chlonde was 
dissolved In benzene (3 ml) and added dropwise on to a solution of N-benzyl glycine 
ethyl ester 196 (1.6 ml, 8.24 mmol) In benzene (3 ml) at 0 °C. The solutIOn was stirred 
at ambient temperature for twenty-four hours. The mixture was then filtered and the 
filtrate was washed with 10% NaHC03 (2 x 5 ml) and IM HC1 (2 x 5 ml), dried 
(MgS04) and evaporated to gIve 211 as an orange Oil (332 mg, 37%). 
DaVld Leach - 112- IndlVldual Expenmental Procedures 
I-Benzyl-3-methyl-2,4-dione-pyrrolidine-3-carboxylic acid benzyl ester, 216 
OBn 
o~O 
I 
Bn 
215 
TBAF, Mel, TIIF 
.. 
room temperature 
OBn 
o;t}° 
I 
Bn 
216 
TBAF (14 ml, 14.8 mmol) was added to a mixture of the lactam 215 (4 g, 12.4 mmol) in 
THF (140 ml), followed by methyl Iodide (1.6 ml, 24.8 mmol). The resulting orange 
solution was stlITed at ambient temperature for twenty-four hours after which the 
solvent was removed to give an orange solid. The crude matenal was purified by 
column chromatography on silica gel usmg light petroleum I ethyl acetate (64) as 
eluent to give the desired compound 216 as yellow crystals (2.31 g, 54%). mp 62°C, 
(Found. C,70.83%; H,5.57%; N,3.95%. C2oHI9N04 requires C,71.2%; H,5.68%; 
N,4.l5%); 'Umax(DCM)/cm· l : 1777 (C=O), 1741 (C=O), 1685 (C=O), 1115 (C-O), 
(Found: M+, 337.1314. C20Hl9N04 requires 337.1314); mfz· 337 (M+, 7%), 246 (45), 
202 (65), 91 (100); OH (CDCb, 400 MHz): 1.56 (3H, s, C!!J), 3.66 (lH, d J=17.5 Hz, 
NCHHCO), 3.87 (lH, d J=17.5 Hz, NCHHCO), 4.36 (lH, d J=14.8 Hz NCHHPh), 
4.93 (lH, d J=14 8 Hz, NCHHPh), 5.13 (lH, d J=12 4 Hz, OCHHPh), 5.17 (lH, d 
J=12.4 Hz, OCHHPh), 7.15-7.34 (10H, m, Ar H); Oc (CDCb, 100 MHz): 15.25 (£H3), 
46.14 (NCH2CO), 54.95 (NCH2Ph), 5903 (NCOCCH3), 68.13 (OCH2Ph), 127.76 (Ar 
C), 127.45 (Ar C), 127.66 (Ar C), 127.96 (Ar C), 12805 (Ar C), 12809 (Ar C), 128.55 
(Ar C), 12869 (Ar C), 128.95 (Ar C), 13001 (Ar C), 134.55 (Ar C), 134.70 (Ar C), 
165.30 (C=O), 169.40 (C=O), 202.14 (C=O). 
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Attempted synthesis of I-benzyl-2,4-dione-pyrrolidine-3-carboxylic acid benzyl 
ester, 215 
211 
OBn 0):;° 
I 
Bn 
215 
OBn J 0):=;° 
° N I 
Bn 
221 
TiCl4 (0.18 ml, 1.62 mmol), Et3N (0.23 ml, I 62 mmol), and TMSCI (0.05 ml, 0.081 
mmol) were added to a solutton of the dIester 211 (300 mg, 0.812 mmol) In DCM (5 
, 
ml) at ambient temperature and stirred at ambient temperature for twenty-four hours. 
The reaction mixture was washed with ammonium chlonde solutIOn (2 x 5 ml) and 
water (2 x 5 ml) and the aqueous fractions were re-extracted with DCM (2 x 10 ml). 
The organic layers were combmed, dned (MgS04)' filtered through cehte and 
evaporated. The crude product was punfied by colunm chromatography on SIlica gel 
using DCM I ethyl acetate (6:4) as eluent to give the by-product 221 as a light brown 
solid (98 mg, 37%). m p 134°C, (Found C,71.57%; H,5.94%; N, 3.90%. C21H21N04 
reqUIres C,71.78%; H,602%; N,3.99%), vma,(mull)/cm-1: 1715 (C=O), 1661 (C=O), 
1603 (C=C), 1234 (C-O), 1158 (C-O); (Found. M+, 351.1473. C21H21N04 requires 
351.1471); mlz: 351 (M+, 15%), 260 (50), 245 (21),214 (52), 189 (17), 91 (100); OH 
(CD Ch, 400 MHz): 1.34 (3H, t J=5.2 Hz, OCH2C!!J), 3 82 (2H, s, NClliCO), 4.08 
(2H, q J=4.8 Hz, OClliCH3), 4.56 (2H, s, NClliPh), 5.28 (2H, s, OClliPh), 7.20-7.63 
(IOH, m, Ar H); Bc (CDCh, lOO MHz). 15.10 (OCH&H3), 45.78 (NCH2Ph), 47.97 
(NCH2CO), 66.23 (OCH2Ph), 101.70 (NCO£), 12797 (Ar C), 12808 (Ar C), 128.15 
(Ar C), 128.24 (Ar C), 12846 (Ar C), 128.78 (Ar C), 128.90 (Ar C), 129.21 (Ar C), 
134.59 (Ar C), 137.21 (Ar C), 162.16 (C=O), 168.17 (C=O), 177 68 (NCH2CO). 
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I-Benzyl-3-methyl-2,4-dione-pyrrolidine-3-carboxylic acid benzyl ester, 216 
OBn OBn OBn 
o~OrOEt O~O ~OMe I) TBAF, Et20, rt o _ .. + 
o N 2) MeI, THF, rt o N 
I I I 
Bn Bn Bn 
211 216 222 
TBAF (IM solution in TIfF, 174 ml, 174 mmol) was added to a solution of the diester 
211 (32 g, 86.6 mmol) in dlethyl ether (250 ml) under nitrogen at ambient temperature. 
The reaction mixture was stmed for thirty minutes and the white solid was removed by 
filtratIOn and washed With diethyl ether (2 x 100 ml) The solid was suspended in THF 
(250 ml) and methyl IOdide (10.8 ml, 173.2 mmol) was added at ambient temperature 
The reactIOn mixture was stmed at ambient temperature for twenty-four hours and then 
evaporated to dryness. The crude product was punfied by column chromatography on 
sihca gel usmg hght petroleum I ethyl acetate (7:3) to ethyl acetate as eluent to give the 
product 216 as a yellow powder. (15.6 g, 53%). mp 62°C, (Found. C,70 83%; H,5.57%, 
N,3 95%. C2oH I9N04 requires C,71.2%; H,5.68%; N,4.15%); llrnax(DCM)lcm· l : 1777 
(C=O), 1741 (C=O), 1685 (C=O), 1115 (C-O), (Found: M+, 337.1314. C20H'9N04 
reqUIres 337.1314); rnlz: 337 (M", 7%), 246 (45), 202 (65), 91 (lOO); OH (CDCh, 400 
MHz): 1.56 (3H, s, C!!J), 3.66 (lH, d J=17 6 Hz, NCHHCO), 3.87 (lH, d J=17 5 Hz, 
NCHHCO), 4.36 (lH, d J=14.8Hz NCHHPh), 4.93 (lH, d J=14.8 Hz, NCHHPh), 5.13 
(lH, d J=12.4 Hz, OCHHPh), 5.17 (lH, d J=12.4 Hz, OCHHPh), 7.15-7.34 (10H, m, 
Ar H); Oe (CDCh, 100 MHz): 15.25 (£H3), 46.14 (NCH2CO), 54.95 (NCH2Ph), 59.03 
(NCOCCH3), 68.13 (OCH2Ph), 12776 (Ar C), 127.45 (Ar C), 127.66 (Ar C), 127.96 
(Ar C), 128.05 (Ar C), 128.09 (Ar C), 128.55 (Ar C), 12869 (Ar C), 128.95 (Ar C), 
130.01 (Ar C), 134.55 (Ar C), 13470 (Ar C), 165.30 (C=O), 169.40 (C=O), 20214 
(C=O); and the by-product 222 as a yellow oil (4.67 g, 16%). vrnax(DCM)/cm- l : 1718 
(C=O), 1618 (C=O), 1068 (C-O); (Found: M", 337.13052. C2oH'9N04 requires 
337.13141); rnlz: 337 (M+, 2%), 246 (5), 189 (7), 108 (100), 91 (41); OH (CDCI3, 400 
MHz): 3.85 (2H, s, NC!!zCOMe), 3.89 (3H, s, OC!!J), 4.58 (2H, s, NC!!zPh), 5.29 (2H, 
s, OC!!zPh), 7.20-7.46 (lOH, m, Ar H); Oc (CDCh, 100 MHz). 45.81 (NCH2Ph),47.70 
(NCH2COMe), 5907 (OCH3), 66.36 (OCH2Ph), 102.10 (NCO£), 128.14 (Ar C), 
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128.22 (Ar C), 128.32 (Ar C), 128.49 (Ar C), 12667 (Ar C), 12855 (Ar C), 128.97 (Ar 
C), 129.11 (Ar C), 129.25 (Ar C), 129.36 (Ar C), 136.56 (Ar C), 137.16 (Ar C), 162.21 
(C=O), 168.03 (C=O), 177.53 (NCH&OMe). 
Attempted synthesis of I-benzyl-3-methyl-2,4-dione-pyrroIidine-3-carboxyIic acid 
benzyl ester, 216 
OBn 
O~O)OEt 
o N 
I 
Bn 
211 
OBn 0;t;° + 
I 
Bn 
216 
~OMe 
O~j.. __ ~) 
o N 
I 
Bn 
222 
TBAF (1.08 ml, 1.08 mmol) was added to a solution of the diester 211 (200 mg, 0.514 
mmol) III diethyl ether (5 ml) under nitrogen at ambient temperature. The reaction 
mixture was stlITed for ca. thirty minutes and the white solid was removed by filtration 
and washed with diethyl ether (2 x 10 ml). The solid was suspended III THF (5 ml) and 
dimethyl sui fate (0.10 ml, 1.08 mmol) was added at ambient temperature. The mixture 
was stlITed at ambient temperature for twenty-four hours and then evaporated to 
dryness. The crude product was then purified by column chromatography on silica gel 
uSlllg ethyl acetate as eluent to give the by-product 222 as a yellow od (77 mg, 42%). 
The spectroscopic data is Identical to above. 
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Attempted synthesis of I-benzyl-3-methyl-2,4-dione-pyrrolidine-3,S-dicarboxylic 
acid 3-benzyl ester 5-methyl ester, 201 
OBn 
o;t)° 
I 
Bn 
216 
LHMDS, HMPA, TIIF 
x--
methyl cyanofonnate, -78°C 
OBn 0'i:kO 
° ~ OMe 
Bn 
201 
o~o 
o ~ OHOMe 
Bn 
233 
LHMDS (11.9 ml, 10.8 mmol), HMPA (2.12 ml, 10.8 mmol) and THF (42 ml) was 
added together and cooled to -78°C. The lactam 216 (2 g, 5.9 mmol) was dissolved III 
THF (6 ml) and added gradually The resulting orange solution was stirred at -78 °C for 
forty-five mlllutes. After thiS time methyl cyanoformate (11 ml, 10.8 mmol) was added 
and the solutIOn was stirred at -78°C for a further two hours. The reaction mixture was 
then quenched With saturated NH4CI solution (15 ml) at -78°C and dJluted with DCM 
(85 ml). The reaction mixture was washed with water (3 x 50 ml), bnne (3 x 50 ml), 
dried (MgS04) and evaporated to give the crude product. TIns was purified by column 
chromatography on silica gel using light petroleum / ethyl acetate (7:3) as eluent to gJve 
a yellow solid (1 64 g, 70%) The product 233 was then further punfied by preparative 
tic and the desired fraction was recrystalhsed using ethyl acetate/ hexane. (Found: 
C,64.29%; H,5.15%; N,3.47% C22H21N07 reqUires C,64.23%; H,5.14%; N,3.40%), 
Vrn .. (DCM)/cm-I: 1782 (C=O), 1749 (C=O), 1700 (C=O), 1453 (Sp3 C-H), 1413 (Sp3 C-
H), 1271 (C-O), 1218 (C-O); (Found M+, 411.1323, C22H21N07 reqUires 411.1318); 
mlz: 411 (M" 7%), 349 (26), 320 (12), 290 (39), 276 (7), 216 (68),179 (81),135 (100), 
106 (60), 91 (100); OH (CDCh, 400 MHz): 1.68 (3H, s, C!b), 2.74 (3H, s, OC!b), 4.06 
(IH, d J=14.3 Hz, NCHHPh), 5 13 (3H, m, NCHHPh, OCHHPh, OCHHPh), 7.09-7.24 
(IOH, m, Ar H); Oc (CDCh, lOO MHz): 16.75 (£H3), 41.51 (NCH2Ph), 51.95 (OCH3), 
55.67 (NCOCCH3), 66.22 (OCH2Ph), 85.70 (NCCO), 126.44 (Ar C), 126.84 (Ar C), 
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127.20 (Ar C), 127.32 (Ar C), 127.43 (Ar C), 127.46 (Ar C), 127.57 (Ar C), 128.01 (Ar 
C), 128.16 (Ar C), 133.8 (Ar C), 163.82 (C=O), 166.55 (C=O), 16908 (C=O), 198.19 
(C=O) 
I-Benzyl-3-methyl-2,4-dione-pyrrolidine-3,5-dicarboxylic acid 3-benzyl ester 5-
methyl ester, 201 
OBn 0:t;° 
I 
Bn 
216 
LHMDS, DMPU, TIIF 
methyl cyanoformate, -78°C 
o~o 
° ~ OMe 
Bn 
201 
Hexamethyldlsllazane (13.3 ml, 62.8 mmol) was diluted In THF (200 ml) and cooled to 
-78°C. Butyl lithium (2.5 M solution in hexanes, 25.2 ml, 628 mmol) was added and 
the solutIOn was stlITed for ten minutes. The lactam 216 (10.6 g, 31.4 mmol) was 
dissolved In THF (30 ml) and added to the reactIOn mixture, followed by DMPU (7.6 
ml, 62.8 mmol). The resulting orange solutIOn was stlITed at -78°C for one hour. After 
thIs time methyl cyanoformate (5.0 ml, 62.8 mmol) was added and the solution was 
stirred at -78°C for a further two hours The reaction mixture was poured onto a stirred 
mixture of DC M (200 ml) and saturated Nl4CI solution (50 ml). The organic phase was 
then washed With water (3 x 100 ml), dried (MgS04) and evaporated to dryness to gIve 
the crude product This was punfied by column chromatography on silica gel using light 
petroleum / ethyl acetate (7.3) as eluent to gIve the product 201 as a 5:1 mixture of 
inseparable dlastereoisomers (9.9 g, 80%). (Found: C,6629%; H,5.28%; N,3.51% 
C22H2,N06 reqUires C,66.83%; H,5.35%; N,3.54%); Vm" (neat)/cm-': 1789 (C=O), 
1749 (C=O), 1707 (C=O), 1218 (C-O); (Found MH+, 396.1445, CnH21N06H+ requires 
396.1447); mlz: 395 (W, 2%), 304 (22), 260 (37), 105 (76), 91 (lOO), 77 (97), OH 
(CD Ch, 400 MHz): 1.56 (3H, s, C,lli major isomer), I 60 (3H, s, C,lli minor Isomer), 
346 (3H, s, OC,lli minor isomer), 3.74 (3H, s, OC,lli major isomer), 4 00 (lH, d J=14.8 
Hz, NCHHPh major isomer), 4.23 (IH, d J=14.8 Hz, NCHHPh minor isomer), 431 
(IH, s, NCHC02Me minor isomer), 4.48 (IH, s, NCHC02Me major isomer), 5 04 (IH, 
d J=12 4 Hz, OCHHPh minor Isomer), 5.08 (IH, d J=12.4 Hz, OCHHPh major isomer), 
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5.19 (IH, d J=12.4 Hz, OCHHPh major isomer), 5.22 (lH, d J=12.4 Hz, OCHHPh 
minor isomer), 5.35 (lH, d J=14.8 Hz, NCHHPh major isomer), 5.39 (lH, d J=14.8 Hz, 
NCHHPh minor Isomer), 7.09-7.35 (20H, m, Ar H), Oc (CDCI), 100 MHz)' 15.96 
(£HJ), 16.03 (£HJ), 45.15 (NCH2Ph major isomer), 45.36 (NCH2Ph minor isomer), 
52.84 (OCHJ minor Isomer), 53.23 (OCHJ major Isomer), 58.14 (NCOCCHJ minor 
isomer), 58.42 (NCOCCHJ major Isomer), 66 69 (NCHC02Me minor isomer), 67 53 
(NCHC02Me major isomer), 68.14 (OCH2Ph minor Isomer), 68.30 (OCH2Ph major 
isomer), 128.02 (Ar C), 128.06 (Ar C), 12816 (Ar C), 128.27 (Ar C), 128.32 (Ar C), 
128.35 (Ar C), 128.39 (Ar C), 12842 (Ar C), 128.49 (Ar C), 12856 (Ar C), 128.66 (Ar 
C), 12886 (Ar C), 12898 (Ar C), 129.03 (Ar C), 133.77 (Ar C), 134.54 (Ar C), 16373 
(C=O), 164.70 (C=O), 164.80 (C=O), 164 95 (C=O), 167.65 (C=O), 168.81 (C=O), 
195.78 (C=O minor isomer), 196.85 (C=O major Isomer). 
I-Benzyl-3-methyl-2,4-dioxo-pyrrolidine-S-carboxylic acid methyl ester, 234 
o~o 
o N OMe I 
Bn 
THF 
~O 
o N OMe ~ I 
Bn 
201 234 
The keto-ester 201 (300 mg, 0 64 mmol) and Pd(OH)2/C (30 mg) were dIssolved In 
THF (15 ml) and degassed with mtrogen. The reaCllon was hydrogenated under balloon 
pressure for thIrty minutes at room temperatlIre. The reactIOn mixture was filtered 
through ceIite and evaporated to dryness to gIVe the title compound 234 as a 1 3'1 
mixture of Inseparable diastereOIsomers (202 mg, 94%). vrnax(neat)/cm·1: 3062 (C-H), 
3028 (C-H), 2952 (C-H), 1746 (C=O); (Found. M+, 261.1002. C1,,"ISN04 reqUIres 
261.1001); m1z: 261 (M" 15%),202 (21), 91 (100),65 (10), OH (CDCI), 400 MHz): 
1.35 (3H, d J=7.6 Hz, Cfu major isomer), 1.42 (3H, d J=7.6 Hz, Cfu minor isomer), 
2.95 (lH, q J=7.6 Hz, NCOCH minor isomer), 3.11 (lH, q J=7 6 Hz, NCOCH major 
isomer), 3.71 (3H, s, OCfu major isomer), 3.74 (3H, s, OCfu minor isomer), 4 07 (lH, 
d J=14.4 Hz, NCHHPh minor isomer), 4.19 (lH, dJ=14.6 Hz, NCHHPh maJorisomer), 
4.28 (lH, s, NCHC02Me major isomer), 4.40 (IH, s, NCHC02Me minor isomer), 5.18 
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(IH, d J=14.8 Hz, NCHHPh major Isomer), 5.28 (IH, d J=14.8 Hz, NCHHPh minor 
isomer), 7.21-7.35 (10H, m, Ar H); oe (CDCh, 100 MHz): 9.76 (£H3 major isomer), 
11.98 (£H3 mlllor isomer), 44.43 (NCOCH major Isomer), 44.65 (NCOCH mlllor 
isomer), 45.16 (NCH2Ph mlllor Isomer), 15.28 (NCH2Ph major Isomer), 5338 (OCH3 
both isomers), 67.91 (NCHC02Me both Isomers), 128.35 (Ar C), 128.37 (Ar C), 128 80 
(Ar C), 128.85 (Ar C), 129.02 (Ar C), 12904 (Ar C), 134.43 (Ar C), 134.45 (Ar C), 
165.34 (C=O), 16549 (C=O), 171.88 (C=O), 172.26 (C=O), 20029 (C=O), 201.26 
(C=O) 
I-Benzyl-3-methyl-2-oxo-4-tert-butyldimethylsilanyloxy-2,3-dihydro-1H-pyrrole-
3,S-dicarboxylic acid S-benzyl ester 3-methyl ester, 239 
o~a 
o ~ OMe 
Bn 
201 
TBS-tnflate, Et3N 
Jo 
OBn 
~OTB: 
o "J... .. k O 
° ~ OMe 
Bn 
239 
The keto ester 201 (0.5 g, 1.26 mmol) was dissolved in THF (15 ml) and cooled to O°C. 
Triethylamine (0.21 ml, 1.52 mmol) was added and the reaction mIxture was stmed for 
thIrty minutes at 0 cC. TBS-triflate (0.41 ml, 1.52 mmol) was then added and the 
reaction was stirred at 0 °C for a further thIrty minutes. The reactIOn was evaporated to 
dryness. The crude product was then purified by colunm chromatography on SIlIca gel 
using light petroleum I ethyl acetate I trIethylamine (80.20:1) as eluent. (580 mg, 90%) 
vrnax(neat)/cm·1: 2952 (C-H), 2939 (C-H), 1747 (C=O), 1709 (C=O), 1701 (C=O); 
(Found: ~, 509.2241. C2sH3sN06Si reqUIres 509.2234); mlz: 509 ~, 5%), 453 (35), 
452 (86), 265 (21), 233 (46), 91 (lOO), 73 (34); oH(CDCh, 400 MHz): -007 (6H, s, 
(C.fu)2Si), 0.73 (9H, s, (C.fu)3CSi), 1 69 (3H, s, C.fu), 3 64 (3H, s, OC.fu), 4.89 (IH, d 
J=154 Hz, NCHHPh), 5.06 (!H, d J=126 Hz, OCHHPh), 509 (!H, d J=12 6 Hz, 
OCHHPh), 5.16 (IH, d J=15.4 Hz, NCHHPh), 7.06-7.29 (10H, m, Ar H); oc(CDCh, 
100 MHz): -3.18 «£H3)2SI), 12.09 (C.fu), 18.11 «CH3)JCSI), 2368 «£H3)3CSi), 45.57 
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(NCH2Ph), 53.10 (OClli), 5831 (NC(O)CCH3), 67.13 (OCH2Ph), 112.51 (NC=COSI), 
(Ar C), 149.78 (NC=COSI), 16083 (C=O), 168.42 (C=O), 171.23 (C=O). 
I-Benzyl-S-hydroxymethyl-3-methyl-2,4-dioxo-pyrrolidine-3,S-dicarboxylic acid 3-
benzyl ester S-methyl ester, 241 
DBU, fonnalm, 
201 
OBn 
0~0 ;,0 
O~~~OMe 
Bn OH 
241 
The keto ester 201 (300 mg, 0.76 mmol) was dissolved m THF (10 ml) and cooled to 0 
cC. DBU (0.14 ml, 091 mmol) was added and the reactIOn stirred for fifteen mmutes. 
The reaction mixture was then cooled to -78°C and formaldehyde (37% solution m 
water, 0 62 ml, 7 6 mmol) was added. After thirty minutes the reaction was quenched 
with saturated ammomum chlonde solutIOn (10 ml), diluted With DCM (25 ml), washed 
With w~ter (2 x 10 ml), dned (MgS04) and evaporated to dryness. The crude matenal 
was purified by column chromatography on Silica gel and light petroleum I ethyl acetate 
(7:3) as eluent (48 mg, 15%). vma.(mull)/cm· l . 3466 (br OH), 1785 (C=O), 1743 (C=O), 
1700 (C=O), 1265 (C-O); (Found: M+H, 426.1548. C23H23N07 requires 4261553), 
m/z: 426 (M+, 100%), 181 (92), 165 (21), 154 (79), 136 (77); OH (CDCi), 400 MHz): 
1 62 (3H, s, Clli major Isomer), 1.67 (3H, s, Clli minor Isomer), 3.05 (3H, s, OClli 
major Isomer), 344 (3H, s, OClli minor isomer), 3.76-3.86 (!H, m, CHHOH major 
Isomer), 3.92-3 98 (lH, m, CHHOH minor Isomer), 4.04-4.08 (lH, m, CHHOH mmor 
Isomer), 4.10-4.14 (IH, m, CHHOH major Isomer), 4.60 (lH, d J=15.2Hz, NCHHPh 
minor Isomer), 4.66 (IH, d J=15.2 Hz, NCHHPh major isomer), 4.83 (lH, d J=15.2 Hz, 
NCHHPh minor isomer), 4.84 (IH, d J=15.2 Hz, NCHHPh major isomer), 5.08-5.12 
(2H, m, OC!!zPh minoflsomer), 5.14 (lH, d J=12.0 Hz, OCHHPh maJoflsomer), 5.20 
(lH, d J=12.0 Hz, OCHHPh major Isomer), 726-7.37 (20H, m, Ar H both Isomers); Oc 
(CDCi), 100 MHz). 16.69 (£H3 major Isomer), 1765 (£H3 mmor Isomer), 4456 
(NCH2Ph major Isomer), 44.83 (NCH2Ph minor Isomer), 52.60 (OCH3 major isomer), 
53.35 (OCH3 minor isomer), 57.61 (NCOCCH3), 57.94 (NCOCCH3), 61 09 (£H20H 
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major Isomer), 61.87 (£HzOH mmor isomer), 68.24 (OCH2Ph major Isomer), 68.67 
(OCH2Ph mmor Isomer), 77.59 (NCCH20H), 78.37 (NCCHzOH), 128 14 (Ar C), 
128.20 (Ar C), 128.28 (Ar C), 12834 (Ar C), 12837 (Ar C), 12843 (Ar C), 128.53 (Ar 
C), 12861 (Ar C), 12867 (Ar C), 128.72 (Ar C), 128.76 (Ar C), 128.85 (Ar C), 128.93 
(Ar C), 128.97 (Ar C), 13477 (Ar C), 135.84 (Ar C), 13623 (Ar C), 164.93 (C=O), 
165.09 (C=O), 165.25 (C=O), 166.41 (C=O), 170.80 (C=O), 171.02 (C=O), 199.60 
(NCC=O), 200.13 (NCC=O). 
Formation of a monomeric solution of formaldehyde in THF 
Paraformaldehyde (4 g, previously dned over PzOs) was heated to 170°C and passed 
over, with a steady stream of mtrogen, into stining THF (60 ml) at -78°C. 
ConcentratIOns of up to 1 6 M have been aclneved. 
Attempted synthesis of 4-benzyl 2-methyl 1-benzyl-2-(isohutyryl)-4-methyl-3,S-
dioxopyrrolidine-2,4-dicarboxylate, 243 
OBn o~o 
o ~ OMe LHMDS, THF, -78 °C to rt 
Bn 
201 243 
LHMDS (l M solution m THF, 1.06 ml, 106 mmol), HMPA (0.91 ml, 1 06 mmol) and 
THF (5 ml) were added together and cooled to -78°C. The ~-keto ester 201 (300 mg, 
o 76 mmol) was dissolved in THF (2 ml) was added and the reactIOn mixture was 
stIrred at -78°C for 1 h. Isobutyryl cyanide (287 mg, 1.51 mmol) was added and the 
reaction mIXture was allowed to warm to room temperature. The reaction mixture was 
stIrred at room temperature for 24 h but tIc analysIs of the reaction mixture showed only 
the startmg matenal present IH NMR of the crude reactIOn mixture showed that only 
the startmg material was present. 
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Benzotriazole-I-carboxylic acid methyl ester, 332 
250 
methyl chlorofonnate 
.. CC} 
oJ-..oMe 
332 
Tnethylanune (1.67 ml, 12 mmol) was added dropwise to a solution of benzotriazole 
250 (1.19 g, 10 mmol) m DCM (20 ml) under nItrogen at 0 °C After stirring for ten 
mmutes at 0 QC, methyl chloroformate (0 85 ml, 11 mmol) was added at 0 QC. The 
reaction mixture was allowed to warm to ambient temperature and was stlITed for thirty 
mmutes, and then 2 M HCl (10 ml) was added. The organic layer was then separated 
and washed with 2 M HCl (2 x 10 ml) and water (2 x 10 ml), dned (MgS04) and 
evaporated to give the title compound 332 as a white solid. (1.50 g, 85%) mp 85°C, 
(Found: C,54.29%, H,3.92%; N,23.32%. CgH7N302 reqUires C,54.24%; H,3.98%; 
N,23.72%); vrnax(DCM)/cm· l : 1758 (C=O), 1605 (Ar C=C), 1595 (Ar C=C); (Found. 
M., 177.0538. CgH7N302 reqUires 177.0538); rnlz' 177 (M+, 100%), 134 (52),119 (9), 
105 (34), 90 (76), 59 (57); liH (CDCh, 400 MHz)' 4.24 (3H, s, OC.fu), 7.49 (IH, t J= 
1.2 Hz, Ar H), 7 63 (lH, t J=1 2 Hz, Ar H), 8.09 (2H, m, Ar H); lie (CDCh, 100 MHz): 
5562 (OCH3), 113.67 (Ar C), 120.67 (Ar C), 126.13 (Ar C), 130.57 (Ar C), 132.03 (Ar 
C), 146.1 (Ar C), 149.7 (C=O) 
Benzotriazole-I-(2-methyl-propan-I-one),253 
250 
IsobutyIyl chlonde 
.. 
253 
Tnethylamine (1.67 ml, 12 mmol) was added dropwise to a solutIOn of benzotnazole 
250 (1.19 g, 10 mmol) m DCM (20 ml) under nItrogen at 0 QC. After sttrring for ten 
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mmutes at 0 ·C, Isobutyryl chloride (I. I 7 ml, 1 I mmol) was added at 0 ·C. The reaction 
was allowed to warm to ambient temperature and was stlITed for thirty mmutes, and 
then 2 M HCI (10 ml) was added The organic layer was separated and washed WIth 2 
M HCI (2 x 10 ml) and water (2 x 10 ml), dned (MgS04) and evaporated to give the 
title compound 253 as a yellow oil (1 65 g, 88%). vrnax(neat)/cm- l : 1736 (C=O), 1596 
(C=C), 1607 (C=C); (Found M., 189.0901 CIOHI\N30 requires 189.0902); rnIz: 189 
(U', 16%), 146 (100), 118 (71), 90 (55), 43 (46); liH (CDCh, 400 MHz): 1.40 (6H, d 
J=7.2Hz, (Cfu)2CH), 4.07 (!H, septJ=72 Hz, (CH3)ZCID 7.46 (!H, t J=8.0 Hz, Ar H), 
7.61 (lH, tJ=8.0 Hz, Ar H), 8.06 (!H, dJ=8 0 Hz, ArH), 8.25 (!H, dJ=8 0 Hz, Ar H); 
lie (CDCb, 100 MHz). 18.9 (£H3), 34.0 «CH3)z,!;,H), 114.5 (Ar C), 1200 (Ar C), 125.9 
(Ar C), 130.3 (Ar C), 131.2 (OCNCC), 146 1 (OCNC£), 176.6 (Q=O). 
Attempted synthesis of 4-benzyI 2-methyI I-benzyl-2-(isobutyryI)-4-methyI-3,5-
dioxopyrroIidine-2,4-dicarboxylate, 243 
(JrN. ~ I .N 
oJy OBn 
LHMDS, THF, -78°C 10 rt 
201 243 
The ~-keto ester 201 (300 mg, 0.76 mmol) was dissolved in THF (5 ml) and cooled to -
78 cC. LHMDS (I M solutIOn in THF, 1.51 ml, 1.51 mmol) was added and the reaction 
mixture was stlITed at -78 cC for 1 h. Benzotriazole-I-(2-methyl-propan-l-one) 253 
(287 mg, 1.51 mmol) was added and the reachon mixture was allowed to wann to room 
temperature The reaction mixture was shrred at room temperature for 24 h and 
quenched with saturated ammoruurn chloride soluhon (J 0 ml). The mixture was 
extracted With ethyl acetate (3 x 5 ml) but after this time IH NMR of the crude reaction 
mixture showed that only the startmg materials were present. 
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1-BenZYI-4-isobutyryloxy-3-methyl-2-one-2,3-dihydro-1H-pyrrole-3,5-dicarboxylic 
acid 3-benzyl ester 5-methyl ester, 242 
~o 
o ~ OMe 
Bn 
201 
Isobutyryl cWonde 
~ 
pyndme, DeM, rt o~~ 
o ~ OMe 
Bn 
242 
pyndine (0.41 ml, 5.06 mmol) was added to a solutIOn of the keto ester 201 (05 g, 1.26 
mmol) in DCM (IS ml) at room temperature. The reactIOn mixture was stirred for 
fifteen mInutes and Isobutyryl chloride (0.16 ml, 1.52 mmol) was added at ambient 
temperature and the reactIOn mixture was stIrred for a further thirty minutes at ambient 
temperature. The reactIOn mixture was diluted with DCM (20 ml), washed with 5% HCI 
(2 x 10 ml), dned (MgS04) and evaporated. The crude product was purified by column 
chromatography on silica gel and light petroleum I ethyl acetate (7:3) as eluent to give 
the product 242 as a colourless solid (399 mg, 68%). mp 94-95 DC, (Found: C,66.77%; 
H,5.78%; N,2.94%. C26H27N07 requires C,67.09%; H,5.85%; N,3.01%), 
vrnax(DCM)/cm· l : 1727 (C=O), 1221 (C-O); (Found: MH+, 466.1858 C2lH27N07 
reqUires 465.1788); mlz: 467 (MH+, 35%), 396 (lOO), 352 (31), 304 (38), 181 (34), 154 
(89); SH (CDCI), 400 MHz): 1.19 (3H, d J=2.8 Hz, C!!J(CHl)CH), 1.21 (3H, d J=3.2 
Hz, CHl(C!!J)CH), l.59 (3H, s, C!!J), 2.68 (lH, hept J=7.2 Hz, CH3(CH3)C!!), 3.64 
(3H, s, OC!!J), 4.90 (!H, d J=15.2 Hz, NCHHPh), 5 12 (!H, d J=12 Hz, OCHHPh), 
5.16 (lH, d J=15.2 Hz, OCHHPh), 5.22 (lH, d J=12 Hz, NCHHPh), 7.05-7.34 (10H, 
m, AI H), Se (CDCI), 100 MHz): 17.31 (£H3), 19.07 «£H3)2CH), 34.28 
(CH3(CH3)CH), 44.86 (NCH2Ph), 52.48 (OCH), 58.01 (NCOCCHl), 68.54 (OCH2Ph), 
124.01 (NC=CO), 127.62 (AI C), 12859 (Ar C), 128.74 (Ar C), 128.83 (Ar C), 128.88 
(AI C), 128.96 (Ar C), 129.05 (AI C), 129.10 (Ar C), 135.42 (Ar C), 137.31 (AI C), 
14143 (NC=CO), 159.0 (C=O), 167.0 (C=O), 172.2 (C=O), 173 9 (C=O). 
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1-Benzyl-4-iso butyryloxy-3-methyl-2-oxo-2,3-dihydro-l H -pyrrole-5-carboxylic 
acid methyl ester, 242 
o~~ 
o ~ OMe 
o 
~~ 
o ~ OMe 
Bn Bn 
242 262 
Pd(OH)zIC (30 mg) was stIrred III THF (15 ml) and degassed wIth mtrogen. The O-acyl 
ester 242 (300 mg, 0.64 mmol) was added and the reaction was then hydrogenated 
under balloon pressure for thirty minutes at room temperature The reaction mixture was 
filtered through cehte and evaporated to dryness to gIVe the tItle compound 262 as a 
clear OIl (202 mg, 94%) vrnax(DCM)/cm'!: 2980 (C-H), 2955 (C-H), 1754 (C=O), 1696 
(C=O), 1216 (C-O), 1079 (C-O); (Found. M\ 331.1420. C1sH2lNOs requires 
331.1420), m1z: 331 (M+, 43%), 261 (100),91 (51),71 (24),43 (100), OH (CDCh, 400 
MHz)' 1.23 (6H, d J=6.8 Hz, (Cfu)zCH), 1.80 (3H, s, Cfu), 2.73 (lH, hept J=7.2 Hz, 
(CH3)2CID, 365 (3H, s, OClli), 4.19 (lH, d J=15.2 Hz, NCHHPh), 475 (lH, s, 
NCOCHCH3), 5.15 (lH, d J=15.2 Hz, NCHHPh), 7.19-7.34 (5H, m, AT H); Bc (CDCh, 
100 MHz) 7.95 (£H3), 1900 (£H3(CH3)CH), 19.08 (CH3(£H3)CH), 34.32 
(CH3(CH3)CH), 45.19 (NCH2Ph), 53.18 (OCH3), 61.46 (NCOCHCH3), 119.77 
(NC=CO), 12763 (AT C), 128.15 (AT C), 128.70 (AT C), 128.83 (AT C), 12895 (AT C), 
129.16 (AT C), 13666 (AT C), 154.29 (NC=CO), 167.10 (C=O), 17087 (C=O), 173.71 
(C=O). 
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4-Acetoxy-l-benzyl-3-methyl-2-oxo-2,3-dihydro-1H-pyrro1e-3,5-dicarboxylic acid 
3-benzyl ester 5-methyl ester, 333 
o~o 
o ~ OMe 
Bn 
acetyl chlonde 
o 
OBn -'L-O~O 
o ~ OMe 
Bn 
pyndme, DeM, rt 
201 333 
Pyridine (0 41 ml, 5.06 mmol) was added to a solutIOn of the keto ester 201 (0.5 g, 1.26 
mmol) in DCM (15 ml) at room temperature. The reactIOn mIxture was stirred for 
fifteen minutes and acetyl chloride (0 16 ml, 1.52 mmol) was added at ambient 
temperature and the reaction mIxture was stlITed for a further thIrty mmutes at ambient 
temperature. The reactIOn mIxture was dIluted WIth DCM (20 ml), washed WIth 5% HCl 
(2 x 10 ml), dried (MgS04) and evaporated. The crude product was punfied by column 
chromatography on slhca gel and light petroleum! ethyl acetate (7:3) as eluent to give 
the product 333 as a white solid (374 mg, 68%). mp 102-103 QC, (Found: C,65 82%; 
H,5.25%; N,3.47%. C24H23N07 requires C,6590%, H,5.30%; N,3.20%); 
vmax(DCM)/cm'l: 1780 (C=O), 1752(C=O), 1723 (C=O), 1223 (C-O), 1205 (C-O), 
(Found: MH+, 438.1556. C24H23N07 requires 437.1475); m!z: 438 (MH+, 100%), 396 
(68),352 (39), 304 (78),260 (49), 181 (51), 154 (62),136 (65), OH (CDCh, 400 MHz): 
1.61 (3H, s, C!b), 217 (3H, s, OCOC!b), 366 (3H, s, OC!b), 4 88 (lH, dJ=15 6 Hz, 
NCHHPh), 5.11 (IH, d J=12.4 Hz, OCHHPh), 515 (lH, d J=14.8 Hz, OCHHPh), 5.24 
(lH, dJ=12.4 Hz, NCHHPh), 7.06-7.36 (10H, m, Ar H); Oc (CDCI3, 100 MHz): 17.31 
(£H3), 20.64 (OCOCH3), 44.92 (NCH2Ph), 52 62 (OCH3), 57.95 (NCO£CH3), 68 58 
OCH2Ph), 124.05 (NC=C), 127.53 (Ar C), 12760 (Ar C), 128.59 (Ar C), 128.75 (Ar 
C), 128.82 (Ar C), 128.99 (Ar C), 13534 (Ar C), 137.25 (Ar C), 141.57 (NC=£), 
159.24 (C=O), 166.93 (C=O), 167.87 (C=O), 172.10 (C=O). 
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4-Acetoxy-l-benzyl-3-methyl-2-oxo-2,3-dihydro-l H-pyrrole-S-carboxylic acid 
methyl ester, 334 
o 
OBn -11-O~O 
o ~ OMe 
Bn 
333 
o 
~-11-Pd(OHh. H2• THF ------I.~ ~ 0 
o ~ OMe 
Bn 
334 
Pd(OHh (30 mg) was stirred III THF (15 ml) and degassed with nitrogen. The O-acyl 
ester 333 (300 mg, 0.68 mmol) was added and the reactIOn was then hydrogenated 
under balloon pressure for thirty minutes at room temperature. The reactIOn mIxture was 
filtered through cehte and evaporated to dryness to gIve the tItle compound 334 as a 
clear oIl (196 mg, 94%). vrnax(neat)/cm· l : 2952 (C-H), 2925 (C-H), 1730 (C=O), 1680 
(C=O), (Found: M+, 303.1109. Cl6H17NOs requires 303.1107); rnlz: 303 (~, 48%). 
261 (70),202 (33), 106 (27), 91 (lOO); OH (CDCl), 400 MHz): 182 (3H, d J=1 6 Hz, 
C!!J), 2.23 (3H, s, OCOC!!J), 3.66 (3H, s, OC!!J), 4.22 (lH, d J=15.2 Hz, NCHHPh), 
475 (IH, q J=1.6 Hz, NCOCHCH), 5.12 (!H, dJ=15.2 Hz, NCHHPh), 7.20-7 34 (5H, 
m, Ar H), oe (CD Cl), 100 MHz): 7.68 (£H), 20.50 (OCOCH), 44.85 (NCH2Ph), 
52.92 (OCH), 61.10 (NCOCHCH3), 119.42 (NC=C), 127.78 (Ar C), 128.31 (Ar C), 
128.56 (Ar C), 128.90 (Ar C), 13625 (Ar C), 153.70 (NC=£), 166.74 (C=O), 167.07 
(C=O), 170.44 (C=O) 
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I-Benzyl-3-methyl-2-one-4-triisopropylsilanyloxy-4,5-dihydro-IH-pyrrole-2,4-
dicarboxylic acid 4-benzyl ester 2-methyl ester, 264 
OBn 
O~O 
o ~ OMe 
Bn 
201 
TIPS-Inflate, Et3N 
.. 
THF,O°C 
OBn 
~OTIPS 
0("1.).)--1° 
o ~ OMe 
Bn 
264 
The keto ester 201 (0.5 g, I 26 mmol) was dissolved m THF (15 ml) and cooled to -78 
QC. Triethylamine (0.21 ml, 1.52 mmol) was added and the reactIOn mixture was stirred 
for thirty mmutes at -78°C. TIPS-tnflate (0041 ml, 1.52 mmol) was then added and the 
reactIOn was stirred at -78°C for a further thirty minutes. The reaction was diluted With 
DCM (50 ml) and washed With saturated ammonium chloride solution (15 ml), dried 
(MgS04) and evaporated. The crude product was then purified by column 
chromatography on Silica gel usmg light petroleum / ethyl acetate / tnethylamine 
(80:20:1) as eluent. (562 mg, 94%). liH (CDCI), 400 MHz): 096-1.05 (I8H, m, 
«CH3)zCHh), 1.17 (3H, hept J=7 2 Hz, (CH3)zC!!), 1.66 (3H, s, Clli), 3 60 (3H, s, 
OClli),4 83 (!H, d J=15.2 Hz, NCHHPh), 5.12 (2H, tJ=12A Hz, OCfuPh), 5.21 (IH, 
d J=12 Hz, NCHHPh), 707-7.33 (10H, m, Ar H); lie (CDCI), lOO MHz): 44.97 
(NCH2Ph), 51.21 (OCH3), 58.97 (NCOCCH3), 6801 (OCH2Ph), 11400 (NCC02Me), 
127.03 (Ar C), 127.21 (Ar C), 127.28 (Ar C), 128.29 (Ar C), 128.33 (Ar C), 128.43 (Ar 
C), 128.60 (Ar C), 134.82 (Ar C), 137.27 (Ar C), 137.27 (Ar C), 151.03 (NCCOSi), 
159.78 (C=O), 167.19 (C=O), 170.81 (C=O). 
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I-BenzyI-3-methyI-5-allyI-2,4-dione-pyrrolidine-3,5-dicarboxylic acid 3-benzyI 
ester 5-methyl ester, 271 
o~o 
a ~ aMe 
Bn 
201 
NaH, allyl bromIde 
.. 
DMF,rt 
aBn 
271 
The keto ester 201 (300 mg, 0.76 mmol) was added to a solutIOn of sodIUm hydride (42 
mg, 1 06 mmol), m DMF (10 ml) at 0 °C. After one hour stImng at ambient 
temperature, allyl bromide (0.13 ml, 1.5 mmol) was added and the reaction was stirred 
for twenty-four hours at ambient temperature. The reactIon was quenched with ice (15 
g) and the product extracted With diethyl ether (3 x 15 ml), the organic layers combined 
and washed with water (2 x 15 ml), dried (Na2S04) and evaporated to dryness. The 
crude product was punfied by column chromatography on silica gel using light 
petroleum / ethyl acetate (3:1) as eluent to gIve the product 271 as a white sohd (144 
mg, 44%) vmax(neat)/cm· l : 1783 (C=O), 1751 (C=O), 1702 (C=O), 1643 (C=C); 
(Found: M., 435.1690. C2SH2SN06 reqUires 435.1682); rnIz: 435 (M+, 2%), 394 (9), 376 
(13), 344 (12), 300 (16), 131 (12), 91 (100); OH (CDCh, 400 MHz). 1.57 (3H, s, C!b 
major), 1.71 (3H, s, C!b mmor), 2.89 (3H, S, OC!b major), 2.74-2.94 (4H, m, 
H2C=CHClli major + minor), 3.30 (3H, s, OC!b minor), 437 (lH, d J=12.8 Hz, 
NCHHPh minor), 4.41 (lH, d J=12.8 Hz, NCHHPh major), 4.63 (1H, dd JI=1.8 Hz 
J2=10.2 Hz, HHC=CHCH2), 4.83 (\H, d J=15.2 Hz, NCHHPh mmor), 4.81-4 86 (\H, 
m, HHC=CHCH2 minor), 4.98 (\H, d J=14.8 Hz, NCHHPh major), 5 02-5.12 (2H, m, 
HHC=CHCH2 major), 5.14-5.19 (4H, m, OClliPh major + minor), 5.20-5.34 (2H, m, 
HHC=C!!CH major + mmor), 7.22-7.36 (20H, m, Ar H major + mmor), Oc (CDCh, 100 
MHz): 17 21 (£H3 major), 18.60 (£H3 minor), 35.52 (H2C=CHCH2), 35.55 
(H2C=CHCH2), 44 56 (NCH2Ph), 44 65 (NCH2Ph), 52.50 (OCH3 maJor), 53.13 (OCH3 
mmor), 57 63 (NCOCCH3 major), 58.03 (NCOCCH3 major), 68.26 (OCH2Ph), 68 36 
(OCH2Ph), 76.63 (NCC02Me minor), 76.74 (NCC02Me maJor), 120.38 (H2£.=CHCH2 
minor), 122.51 (H2£.=CHCH2 major), 129.17 (H2C=CHCH2 major), 12960 
(H2C=CHCH2 mmor), 127.84 (Ar C), 127.95 (Ar C), 128.26 (Ar C), 12843 (Ar C), 
128.46 (Ar C), 12851 (Ar C), 128.54 (Ar C), 12863 (Ar C), 12866 (Ar C), 128.84 (Ar 
DavldLeach - 130- IndlVldual E"penmental Procedures 
C), 12894 (Ar C), 129 17 (Ar C), 129.60 (Ar C), 134.48 (Ar C), 134.76 (Ar C), 135.36 
(Ar C), 135.56 (Ar C), 164.93 (C=O), 165.01 (C=O), 16636 C=O), 16695 (C=O) , 
170.35 (C=O), 170.74 (C=O), 199.80 (C=O), 200.85 (C=O). 
I-Benzyl-3-methyl-5-(2-methyl-propen-l-yl)-2,4-dione-pyrrolidine-3,5-dicarboxylic 
acid 3-benzyl ester S-methyl ester, 272 
o~o 
o ~ OMe 
OBn 
NaH, methallyl bromIde O'V''oo...L---''7 
.. 
DMF, rt 
Bn 
201 272 
The keto ester 201 (3 g, 7 6 mmo1) was added to a solution of sodium hydride (364 mg, 
9.1 mmol), in DMF (20 ml) at 0 QC. After stirring for one hour at ambient temperature, 
methallyl bromide (1.13 ml, 11 4 mmol) was added and the reaction was stirred for 
twenty-four hours at ambient temperature. The reaction was quenched With ice-water 
(30 ml) and the product extracted With diethyl ether (3 x 30 m1), the organic layers 
combmed and washed With water (2 x 20 m!), dned (Na2S04) and evaporated to dryness 
to give the product 272 m a 1:1 mixture of diastereoisomers (2 61 g, 76%). mp 109°C, 
(Found: C,69.26%; H,5 98%; N,3.10%. C26H27N06 reqUires C, 6947%, H, 605%; N, 
3.12%); vrnax(nujol)/cm·l : 1778 (C=O), 1748 (C=O), 1698 (C=O); (Found M+, 
4491831. C26H27N06 requires 449.1838); mlz: 449 (M\ 2%), 394 (8), 314 (3), 91 
(100), 65 (3); OH (CDCh, 400 MHz): 1.48 (3H, s, H2C=C(Clli)CH2), 1.59 (3H, s, Clli 
major), 1.69 (3H, s, H2C=C(Clli)CH2 major), 1 72 (3H, s, Clli minor), 2.67 (3H, s, 
OClli major), 2.77-2.96 (4H, m, H2C=C(CH3)C!b major + mmor), 3.11 (3H, s, OClli 
minor), 4.03 (!H, d J=15.2 Hz, NCHHPh major), 4.18 (!H, d J=15 2 Hz, NCHHPh 
minor), 4.51 (IH, bs, HHC=C minor), 4.56-4.57 (IH, m, HHC=C minor), 4 67 (!H, bs, 
HHC=C major), 4.97-4.98 (!H, m, HHC=C major), 5.06 (IH, d J=12.4 Hz, PhCHHO 
mmor), 5.14 (IH, d J=12.4 Hz, PhCHHO major), 5.12-5.25 (!H, m, NCHHPh minor), 
5 12-5.25 (!H, m, PhCHHO minor), 5.24 (!H, d J=12.4 Hz, PhCHHO major), 5.36 
(!H, d J=152 Hz, NCHHPh major), 7.17-735 (20H, m, Ar H both isomers); Bc 
(CDCI3, 100 MHz): 1735 (£H3 major), 19.19 (£H3 minor), 2373 (H2C=C(£H3)CH2 
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minor), 24.45 (H2C=C(£H3)CH2 major), 3692 (H2C=C(CH3)CH2 major), 37.81 
(H2C=C(CH3)CH2 mmor), 44.47 (NCH2Ph), 44.55 (NCH2Ph), 52.19 (OCH3 major), 
52.84 (OCH3 minor), 57.59 (NCOCCH3 major), 57.97 (NCOCCH3 mmor), 68 11 
(PhCH20), 68.28 (PhCH20), 76.11 (NCC02Me mmor), 75.85 (NCC02Me major), 
118.21 (H2£=C minor), 118.78 (H2£=C major), 127.68 (Ar C), 127.94 (Ar C), 12826 
(Ar C), 128.29 (Ar C), 128.31 (Ar C), 128.48 (Ar C), 128.51 (Ar C), 128.53 (Ar C), 
128.58 (Ar C), 128.63 (Ar C), 128.75 (Ar C), 129.09 (Ar C), 134.82 (Ar C), 135.19 (Ar 
C), 135.39 (Ar C), 137.83 (H2C=C mmor), 138.15 (H2£=C major), 16484 (C=O), 
165.09 (C=O), 166.72 (C=O), 167.15 (C=O), 170.62 (C=O), 170.89 (C=O), 199.95 
(NCC=O), 20022 (NCC=O). 
I-Benzyl-S-isobutyl-3-methyl-2,4-dioxo-pyrrolidine-S-carboxylic acid methyl ester, 
273 
OBn 
o 
OMe MeOH 0 
272 273 
Pd(OHh (30 mg) was stlITed in MeOH (10 ml) and degassed with nitrogen. The allyl 
compound 272 (300 mg, 0.67 mmol) was added and the reaction was then hydrogenated 
under balloon pressure for one hour at room temperature. The reaction was then filtered 
through cehte and evaporated to dryness to gIve the title compound 273 as a clear oil 
(174 mg, 82%). vmax(mull)/cm· l : 3030 (C-H), 2955 (C-H), 2870 (C-H), 1781 (C=O), 
1745 (C=O), 1673 (C=O), 1651 (C=O), (Found' M+, 317.1632. C1sH23N04 requires 
317.1627); m1z: 317 (M+, 6%), 274 (22), 258 (38), 91 (100); IlH (CDCl], 400 MHz): 
0.69-0.92 (12H, m, (CllihCH both isomers), 1.38 (3H, d J=7.6 Hz, NC(O)CHClli), 
1.45 (3H, d J=7.6 Hz, NC(O)CHClli), 1.35-1.46 (2H, m, (CH3hCH both isomers), 
201-2.17 (4H, m, (CH3)2CHCfu both isomers), 2 93 (!H, q J=7.6 Hz, NC(O)CHCH3), 
3.08 (3H, s, OClli major), 3.12 (3H, s, OClli minor), 3.22 (!H, q J=7.6 Hz, 
NC(O)CHCH3), 391 (IH, d J=14 8 Hz, NCHHPh major), 4.09 (!H, d J=14.8 Hz, 
NCHHPh minor), 5.02 (1H, d J=14.8 Hz, NCHHPh minor), 5.28 (!H, d J=14.8 Hz, 
Davld Leach ·132· IndIVIdual Expenmental Procedures 
NCHHPh major), 7.19-734 (20H, m, Ar H both Isomers); Se (CDCh, 100 MHz)' 10.33 
(NC(O)CHCH3), 1290 (NC(O)CHCH3), 23.84 «(£H3)2CH), 23.92 «(£H3)zCH), 23.98 
«(£H3)2CH), 2409 «(£H3)zCH), 24.25 «(£H3)2CH), 24.85 «(£H3)2CH), 37.19 
«CH3)2CHCH2), 3841 «CH3)2CHCH2), 44.57 (NC(O)CHCH3), 44.65 (NCH2Ph), 
44.67 (NCH2Ph), 44 86 (NC(O)CHCH3), 53 03 (OCH3 both isomers), 75.65 
(NCC02Me), 76.15 (NCC02Me), 128.34 (Ar C), 128.39 (Ar C), 128.82 (Ar C), 12884 
(Ar C), 129.73 (Ar C), 129.78 (Ar C), 135.69 (Ar C), 135.85 (Ar C), 16813 (C=O), 
168.34 (C=O), 173.73 (C=O), 174.12 (C=O), 206.15 (NCC=O), 207.59 (NCC=O). 
Attempted synthesis of I-benzyl-S-(1-hydroxy-2-methylalIyl)-3-methyl-2,4-
dioxopyrrolidine-3,S-dicarboxylic acid 5 benzyl ester 3 methyl ester, 274 
OBn OBn 
Se02, EtOH 
reflux 
272 274 
The alkene compound 272 (200 mg, 0.44 mmol) was dissolved in ethanol (5 ml) and 
selenium dioxide (197 mg, 1.78 mmol) was at room temperature. The reactIOn mixture 
was heated to reflux for 3 h. After thiS time a complex mixture of product was observed 
by tic and IH NMR spectroscopy. 
Davld Leach - 133 - IndIVIdual Expenmental Procedures 
I-Benzyl-3-methyl-S-(2-methyl-oxiranylmethyl)-2,4-dioxo-pyrroIidine-3,S-
dicarboxyIic acid 3-benzyl ester S-methyl ester, 280 
OBn OBn 
o DMDO 
272 280 
The allyl compound 272 (200 mg, 044 mmol) was dissolved III acetone (2 ml) and 
cooled to 0 °C. DMDO (0.07 M solutIOn in acetone, 12.7 ml, 089 mmol) was added 
and the reaction mixture was stirred at 0 °C for four hours. The reaction mixture was 
evaporated to dryness and the product was purified by column chromatography on silica 
gel using light petroleum / ethyl acetate (7'3) as eluent to give the epoxide 280 as a 
2'2:1:1 mixture of dlasteeOlsomers (88 mg, 42%). (Found: M+H, 466.1858. C26H27N07 
requires 466.1866); rnIz: 466 (M+, 70%), 450 (22), 406 (21), 330 (17), 181 (100); OH 
(CDCb, 400 MHz)' 1.02 (3H, s, C!L), 1.12 (3H, s, C!L), 1.18 (3H, s, C!L), 1.28 (3H, 
s, C!L), 158 (3H, s, CH3), 1.73 (3H, s, C!L), 1.77 (3H, s, C!L), 1.78 (3H, s, C!L), 
2.06 (IH, d J=15.2 Hz, NCCHH), 2.09 (lH, d J=4 4 Hz, CHHO), 2.19 (lH, d J=4.4 Hz, 
CHHO), 2.22 (lH, d J=4.4 Hz, CHHO), 2.34 (lH, d J=4.4 Hz, CHHO), 2.39-2.49 (6H, 
m, CHHO two Isomers; NCCHH two Isomers), 2.59 (lH, d J=15.6 Hz, NCCH!!), 2.68-
2.71 (2H, m, NCCHH one isomer), 2.70 (3H, s, OC!L), 2.75-280 (2H, m, NCCHH 
two isomers), 2.80 (3H, s, OC!L), 3.14 (3H, s, OC!L), 3.25 (3H, s, OC!L), 3.95 (lH, d 
J=15.2 Hz, NCHHPh), 403 (lH, d J=15 2 Hz, NCHHPh), 4.18 (lH, d J=14 8 Hz, 
NCHHPh), 4.38 (lH, d J=15.2 Hz, NCHHPh), 4 87 (lH, d J=14.8 Hz, NCHHPh), 5.07 
~ 
(lH, d J=15.2 Hz, NCHHPh), 5.31-5.38 (2H, m, NCHHPh two isomers), 5.12-5.26 
(8H, m, OCHHPh all isomers), 7.15-734 (40H, m, Ar H all isomers); 1ic (CDC!], 100 
MHz): 17.34 (£H3), 18.38 (£H3), 18.50 (£H3), 19.35 (£H3), 22 59 (£H3), 22.63 (£H3), 
23.87 (£H3), 23.94 (£H3), 34.32 (NCCH2), 34.79 (NCCH2), 36.96 (NCCH2), 37.44 
(NCCH2), 44.44 (NCH2Ph), 44.50 (NCH2Ph), 46.60 (NCH2Ph), 44.76 (NCH2Ph), 
52.29 (OCH3), 5235 (OCH3), 52.61 (CH3CO), 52.82 (£H20), 53.04 (OCH3), 53.10 
(OCH3), 53.64 (£H20), 53.77 (CH3CO), 53.86 (CH3CO), 54.66 (£H20), 54.97 
(£H20), 57.26 (NCCCH3), 57.60 (NCCCH3), 57.67 (NCCCH3), 58.08 (NCCCH3), 
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67.98 (OCH2Ph), 6806 (OCH2Ph), 68 15 (OCH2Ph), 68.28 (OCH2Ph), 72.88 
(NCC02Me), 7369 (NCC02Me), 73.73 (NCC02Me), 127.69 (Ar C), 12784 (Ar C), 
128.l2 (Ar C), 128.31 (Ar C), 128.36 (Ar C), 12843 (Ar C), 12846 (Ar C), 128.51 (Ar 
C), 128.56 (Ar C), 128.61 (Ar C), 128.63 (Ar C), 128.67 (Ar C), 128.75 (Ar C), 128.79 
(Ar C), 128.92 (Ar C), 129.27 (Ar C), l34.75 (Ar C), l34.96 (Ar C), 13506 (Ar C), 
125.l8 (Ar C), 135.60 (Ar C), l38.16 (Ar C), 165.10 (C=O), 165.30 (C=O), 166.63 
(C=O), 166.73 (C=O), 166.77 (C=O), 167.08 (C=O), 167.l5 (C=O), 170.44 (C=O), 
17062 (C=O), 170.72 (C=O), 170.88 (C=O), 17092 (C=O), 19792 (NCC=O), 198.92 
(NCC=O), 19995 (NCC=O), 20010 (NCC=O). 
1-Benzyl-3-methyl-2,4-dione-2-(2-oxo-prop-1-yl)-pyrrolidine-3,5-dicarboxylic acid 
3-benzyl ester 5-methyl ester, 281 
OBn OBn 
o 
OMe 
272 281 
The allyl compound 272 (I g, 2 22 mmol) was dissolved m DCM (25 ml) and cooled to 
-78°C whtlst O2 was bubbled through the solutIOn. Ozone was then bubbled through 
until a bright blue colour appeared. The ozone addition was stopped and DMS (0.82 ml, 
11.1 mmol) was added and the resultmg clear solution was warmed to room temperature 
and stirred for thirty minutes. The solutIOn was then evaporated to dryness and the crude 
material was punfied by column chromatography on stlica gel usmg lIght petroleum / 
ethyl acetate (8:2) as eluent to give the product 281 (0 95 g, 95%) as separable 
diastereoisomers. Minor: mp 122-3 DC, (Found' C,6577%; H,5.46%; N,3.07%. 
C2SH2SN07 reqUires C,66.51%; H,558%; N,3.l0%); vrnax(DCM)/cm"l: 3052 (C-H), 
2985 (C-H), 1785 (C=O), 1747 (C=O), 1706 (C=O), 1285 (C-O); (Found: M" 
451 1621. C2sH2SN07 requires 451.1631); mlz: 451 (M", 3%), 360 (l7), 316 (36), 91 
(lOO); OH (CDCh, 400 MHz): 1.25 (3H, s, C,!b), 1.67 (3H, S, C,!bC(O)CH2), 2 88 (!H, 
d J=18 4 Hz, CH3C(O)CHH), 3.22 (!H, d J=18.8 Hz, CH3C(O)CH!!), 3.76 (3H, s, 
OC,!b), 3.93 (!H, d J=15.6 Hz, NCHHPh), 5 24 (IH, d J=12 Hz, OCHHPh), 530 (IH, 
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d J=12 Hz, OCHHPh), 5.44 (lH, d J=16 Hz, NCHHPh), 7.04-7.38 (lOH, m, Ar H); (le 
(CDCl), 100 MHz) 18.76 (£H3C(O)CH2), 28.56 (£H), 4496 (NCH2Ph), 47.95 
(CH)C(O)CH2), 54.30 (OCH3), 57.31 (NC(O)CCH3), 68.89 (OCH2Ph), 74.33 
(NCC02CH), 127.80 (Ar C), 128.11 (Ar C), 128.89 (Ar C), 128.99 (Ar C), 129.05 (Ar 
C), 135.19 (Ar C), 136.83 (Ar C), 165.79 (C=O), 166.98 (C=O), 171.04 (C=O), 199.73 
(C=O), 203.19 (C=O); and the major diastereoisomer, mp 156-7 °C; vrnax(DCM)/cm": 
3054 (C-H), 1787 (C=O), 1749 (C=O), 1264 (C-O), (Found: M+, 451.1638. C2SH2SN07 
requires 451.1631); mlz: 451 (M'", 5%), 360 (38), 316 (43), 91 (100); (lH (CD Ch, 400 
MHz): 1.29 (3H, s, CH3), 1.93 (3H, s, C!bC(O)CH2), 3.11 (IH, d J=188 Hz, 
CH3C(O)CHH), 3.27 (3H, s, OC!b), 3.40 (IH, dJ=19.2 Hz, CH)C(O)CHID, 4 23 (lH, 
d J=15.6 Hz, NCHHPh), 505 (IH, d J=12.4 Hz, OCHHPh), 5.20 (IH, d J=12.4 Hz, 
OCHHPh), 5.37 (lH, d J=15.6 Hz, NCHHPh), 7.22-7.35 (10H, m, Ar H), (le (CDCh, 
100 MHz)' 17.68 (£H3C(O)CH2), 28.36 (£H3), 45.39 (NCH2Ph), 4720 
(CH)C(O)CH2), 53 57 (OCH), 58.46 (NC(O)CCH), 68.43 (OCH2Ph), 73.83 
(NCC02CH), 12827 (Ar C), 128.92 (Ar C), 129.00 (Ar C), 129.20 (Ar C), 129.43 (Ar 
C), 135.17 (Ar C), 136.63 (Ar C), 16580 (C=O), 166.44 (C=O), 170.72 (C=O), 199.04 
(C=O), 202.91 (C=O). 
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Attempted synthesis of I-benzyl-4-[2-(tert-butyl-dimethyl-silanyloxy)-propenyIJ-3-
methyl-2,4-dioxo-pyrrolidine-3,5-dicarboxylic acid 3-benzyl ester 5-methyl ester, 
270 
OBn OBn 
o 
DCM,rt 
OTBS 
281 288 
~ OBn OTBS O~~ 
o ~ OMe 
Bn 
289 
The ketone 281 (0.5 g, 1.11 mmol) was dissolved m DCM (10 ml) and tnethylamme 
(0.77 ml, 5.54 mmol) followed by TBS-tnflate (1.27 ml, 5.54 mmol) were added at 
room temperature. The reactIon mIxture was stIrred at ambIent temperature for twenty 
four hours after which the reactIOn was dIluted WIth DCM (30 ml) and washed WIth 
water (2 x 10 ml), dried (MgS04) and evaporated to dryness. The crude product was 
punfied on 10% (w/w) H20'sIlica gel using lIght petroleum I ethyl acetate (9:1) as 
eluent to give the undesired product 289 as a clear OIl. (595 mg, 95%). vmax(mull)/cm-l . 
2952 (C-H), 2928 (C-H), 2855 (C-H), 1745 (C=O), 1704 (C=O); (Found: M+H, 
566.2570. CllH39N07Si requires 566.2574); mlz: 566 (M+, 100%),508 (68), 213 (52), 
181 (78); (5H (CDCI), 400 MHz): -0 07 (3H, s, C, 0 08 (3H, s, C!!J(CH3)SIO), 0.74 (9H, 
s, (C!!J)3CSI), 1.37 (3H, d J=1.2 Hz, HC=c(C!!J)OSI), 1.53 (3H, s, C!!J), 3 40 (3H, s, 
OC!!J), 4.09 (lH, d J=15.2 Hz, NCHHPh), 4.53 (lH, d J=1.2 Hz, HC=C(CH3)OSI), 
466 (lH, d J=15.6 Hz, NCHHPh), 5.01 (lH, d J=12.4 Hz, OCHHPh), 5.20 (lH, d 
J=12.4 Hz, OCHHPh), 7.06-7.28 (lOH, m, Ar H); (5c (CDC!), 100 MHz): -3.42 
(£H3(CH3)SIO), -2.54 (CH3(£H3)SIO), 13 85 (HC=C(£H3)OSi), 18.38 (£H3), 26.06 
«£H3hCSi), 45.81 (NCH2Ph), 52.88 (OCH3), 60.70, (NC(O)CCH3), 67.50 (OCH2Ph), 
83.38 (NC=CO), 9829 (HC=C(CH3)OSi), 111 04 (NC=CO), 127.86 (Ar C), 128.32 
(Ar C), 128.56 128.62 (Ar C), 128.81 (Ar C), 128.85 (Ar C), 128.99 (Ar C), 129.28 (Ar 
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C), 135.95 (Ar C), 13639 (Ar C), 158.81 (HC=C(CH3)OSI), 16888 (C=O). 16914 
(C=O), 172.37 (C=O). 
1-Benzyl-4-hydroxy-3-methyl-5-(2-methyl-allyl)-2-oxo-pyrrolidine-3,5-dicarboxylic 
acid 3-benzyl ester 5-methyl ester, 292 
OBn OBn 
NaBH.,MeOH 
281 292 
The allyl compound 281 (3 g, 6.67 mmol) was stirred III MeOH (60 ml) and NaBH4 
(253 mg, 6.67 mmol) was added in one portion and the reaction mixture was sttrred at 
room temperature for tlurty mlllutes. Saturated NH4CI solutIOn (10 ml) was added and 
the reactIOn was stirred for a further fifteen minutes then was concentrated to ca 20 ml. 
DCM (100 ml) was added and the orgamc solution was washed WIth water (2 x 20 ml), 
dned (MgS04), and evaporated to dryoess. The crude product was punfied by column 
chromatography on silica gel using hght petroleum / ethyl acetate (7.3) as eluent to gIve 
the product 292 as a mixture of separable diastereoisomers (2.2 g, 68%). 
Dlastereoisomer 1: mp 146°C, (Found: C,68.73%; H,649%; N,3.07%. C2SH29N06 
reqUIres C,69.16%; H,6.47%; N,3.10%); vmax(DCM)/cm·l: 3394 (br OH), 2949 (C-H), 
1738 (C=O); (Found: M+, 451.2003. C2SH29N06 requIres 451.1995), rnIz: 451 (M., 
2%), 396 (19), 392 (16), 161 (6),91 (100); OH (CDCI), 400 MHz): 1.64 (3H, s, C!!J), 
1.74 (3H, s, C!!J), 2.62 (lH, d J=15.4 Hz, H2C=CCHH), 289 (lH, d J=15 4 Hz, 
H2C=CCH!!), 2.95 (3H, s, OC!!J), 4 13 (IH, d J=15.2 Hz, NCHHPh), 4.25 (1H, d 
J=8.7 Hz, CHOH), 4.71 (IH, bs, HHC=C), 4.90 (lH, d J=8.7 Hz, CHO!!), 4.97-4.98 
(IH, m, HHC=C), 5.04 (1H, d J=15.2 Hz, NCHHPh), 5.18 (IH, d J=12.5 Hz, 
OCHHPh), 5.23 (lH, d J=12.5 Hz, OCHHPh), 7.15-740 (lOH, m, Ar H), Oc (CDCI), 
100 MHz): 22.22 (£H3), 24.60 (£H3), 3978 (H2C=CCH2), 45.10 (NCH2Ph), 51.97 
(OCH3), 52.32 (NCCCH3), 67.71 (OCH2Ph), 69.00 (NCCC02Me), 79.36 (£HOH), 
116.88 (H&=C), 127.82 (Ar C), 128.34 (Ar C), 128.68 (Ar C), 12874 (Ar C), 128.93 
(Ar C), 12902 (Ar C), 135 45 (Ar C), 136.66 (Ar C), 139.75 (H2C=g, 171.36 (C=O), 
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171.78 (C=O), 172 20 (C=O) DIastereOlsorner 2: rnp 163°C, (Found: C,68.59%, 
H,640%; N,3.05%. C2sH29N06 requIres C,6916%; H,647%; N,3.10%), 
Vrnax(DCM)!cm- l : 3418 (br OH), 1738 (C=O), 1698 (C=O); (Found: M+, 451.1997. 
C2SH29N06 reqUIres 4511995); rnIz: 451 (M+, 2%), 396 (33), 392 (13), 181 (8), 92 
(100), BH (CDCl}, 400 MHz): 1 58 (3H, s, CH3), 1.60 (3H, s, C!b), 2.49 (lH, d 
J=144Hz, H2C=CHH), 2.89 (IH, d J=14.7Hz, H2C=CHID, 3.25 (lH, d J=9.4Hz, 
CHOH), 3.34 (3H, s, OC!b), 441 (lH, d J=156Hz, NCHHPh), 4.67 (lH, bs, 
HHC=C), 4.71 (IH, d J=15.6Hz, NCHHPh), 4.79-4.80 (lH, rn, HHC=C), 4.92 (lH, d 
J=9.4Hz, CHOH), 5.18 (IH, d J=12 2Hz, OCHHPh), 5 23 (lH, d J=12.2Hz, OCHHPh), 
7.20-7.38 (10H, rn, AI H); Bc (CDCI3, 100 MHz). 13.82 (£H3), 15.28 (£H3), 41.56 
(H2C=CCH2), 4484 (NCH2Ph), 52.29 (OCH3), 55.45 (NCCCH3), 67.67 (OCH2Ph), 
6981 (NCCC02Me), 7533 (£HOH), 11733 (HZ£=C), 126.91 (AI C), 127.40 (AI C), 
127.93 (AI C), 12803 (AI C), 128.32 (AI C), 128.38 (AI C), 128.47 (AI C), 128.59 (AI 
C), 135.31 (AI C), 136.60 (AI C), 139.39 (H2C=£), 171.65 (C=O), 171.72 (C=O), 
17322 (C=O). Diastereoisorner 3: vrnax(neat)!crn-I: 3377 (br OH), 2949 (C-H), 1738 
(C=O), 1682 (C=O); (Found: M+, 451.2003. C2sH29N06 reqUIres 451 1995), rnIz: 451 
(M+, 1 %),396 (8), 259 (3), 181 (3),91 (100), BH (CD Cl}, 400 MHz)· 1.54 (3H, S, CH3), 
1.60 (3H, s, C!b), 2.55 (lH, d J=15.0Hz, H2C=CHH), 2.62 (lH' d J=15.0Hz, 
H2C=CHID, 3.57 (3H, s, OC!b), 3.80 (lH, bs, CHOID, 4.49-453 (2H, rn, NCHHPh 
and HHC=C), 4.71-4.72 (2H, rn, CHOH and HHC=C), 4.88 (lH, d J=16.3Hz, 
NCHHPh), 5.18 (lH, d J=12.4Hz, OCHHPh), 526 (IH, d J=12 4Hz, OCHHPh), 7 12-
7.38 (10H, rn, AI H); Bc (CDCI3, 100 MHz): 19.92 (£H3), 24.04 (£H3), 39.33 
(H2C=CCH2), 4592 (NCH2Ph), 52.84 (OCH3), 56.99 (NCCCH3), 67.94 (OCH2Ph), 
72.45 (NCCC02Me), 72.58 (£HOH), 114.88 (HZ£=C), 127.08 (AI C), 127.16 (AI C), 
127.23 (AI C), 128.22 (AI C), 128.22 (AI C), 128.59 (AI C), 128.69 (AI C), 128.78 (AI 
C), 129.00 (AI C), 135.64 (AI C), 138.19 (Ar C), 141.30 (H2C=£), 17075 (C=O), 
172.49 (C=O), 173.24 (C=O). 
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I-Benzyl-3-hydroxy-4-methyl-5-oxo-2-(2-oxo-propyl)-pyrrolidine-2,4-dicarboxylic 
acid 4-benzyl ester 2-methyl ester, 294 
OBn OBn OBn 
292 294 295 
OBn 
+ OMe 
o 0 
'0-' 
335 
The allyl compound 292 (2.2 g, 4 87 mmol) was dIssolved in DCM (20 ml) and cooled 
to -78°C wlulst O2 was bubbled through the solution. Ozone was then bubbled through 
the solution until a bnght blue colour appeared. The ozone addItion was stopped and 
DMS (0.7 ml, 48.7 mmol) was added and the resultmg clear solutIOn was wanned to 
room temperature and stirred for twenty four hours. The solutIOn was then evaporated to 
dryness and the crude material was purified by column chromatography on silIca gel 
usmg light petroleum / ethyl acetate (8:2) as eluent to give the product 294 as a mixture 
of separable dIastereoisomers (434 mg, 20%). DIastereoisomer I: mp 106-7 cC, (Found: 
C,65.62%; H,5.93%; N,302%. C2sH27N07 requires C,66.21 %; H,6.00%; N,3.09%); 
vmax(DCM)/cm·1: 3426 (br OH), 3031 (C-H), 2949 (C-H), 1740 (C=O); (Found: 11", 
453 1796. C2SH27N07 reqUIres 453 1788), rnIz: 453 (M., 8 %), 394 (35), 362 (100), 352 
(74), 121 (80), 91 (100); OH (CDCh, 400 MHz): I 64 (3H, s, CJb), 1.69 (3H, s, CJb), 
2.50 (lH, d J=18.8 Hz, CH3C(0)CHH), 3.37 (lH, d J=18.8 Hz, CH3C(0)CHID, 3.48 
(3H, s, 0 CJb), 3 92 (lH, d J=lO.4 Hz, CHOH), 4.18 (IH, d J=16.0 Hz, NCHHPh), 
4.68 (lH, d J=10.8 Hz, CHOID, 5.10 (lH, d J=16 0 Hz, NCHHPh), 5.15 (IH, d J=12.4 
Hz, OCHHPh), 5.23 (lH, d J=12.4 Hz, OCHHPh), 7.06-737 (10H, m, AI H); Oc 
(CDCh, 100 MHz)· 21.50 (£H3), 29.38 (£H3), 45.12 (CH3C(0)CH2), 48 75 (NCH2Ph), 
51 28 (NC(0)CCH3), 5244 (OCH3), 67.29 (OCH2Ph), 67.76 (NCC02Me), 8099 
(£HOH), 127.38 (Ar C), 127.75 (AI C), 127.93 (AI C), 12830 (AI C), 128.57 (Ar C), 
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135.17 (Ar C), 137.47 (Ar C), 17040 (C=O), 170.89 (C=O), 171.17 (C=O), 204.52 
(CH]C(O)CH2)' Dmstereoisorner 2: (Found: C,64.74%; H,5 50%; N,2.56%. C2sH27N07 
reqUIres C,66.21 %; H,6.00%, N,3.09%); vmax(DCM)/cm- l : 3447 (br OH), 1739 (C=O); 
(Found: M+, 4531796. C2SH27N07 requires 453.1788); mlz: 453 (M+, 10%),362 (27), 
131 (16), 91 (100), 69 (35); OH (CDCb, 400 MHz): 1.53 (3H, s, Clli), 1.96 (3H, s, 
ClliC(O)CH2), 249 (IH, d J=17.2 Hz, CH]C(O)CHH), 3.03 (lH, d J=17.2 Hz, 
CH]C(O)CHR), 3.67 (3H, s, OClli), 3.90-3.94 (2H, rn, NCHHPh and CHOH), 4.84 
(lH, bs, OR), 4.99 (lH, d J=15.6 Hz, NCHHPh), 5.19 (lH, d J=12.4 Hz, OCHHPh), 
5.29 (lH, d J=12.4Hz, OCHHPh), 7.10-7.39 (10H, rn, Ar H); Oc (CDCb, lOO MHz). 
13.51 (£H]), 30.78 (£H]C(O)CH2)' 45.16 (CH]C(O)CH2), 48.97 (NCH2Ph), 5291 
(OCH]), 55.36 (NC(O)CCH]), 67.76 (OCH2Ph), 71.05 (NCC02Me), 127.48 (Ar C), 
128.06 (Ar C), 128.37 (Ar C), 128.67 (Ar C), 135.39 (Ar C), 13682 (Ar C), 171 09 
(C=O), 171.82 (C=O), 173.45 (C=O), 20637 (NCC=O); the 1actol 295 (565 mg, 26%). 
rnp 161-2 QC, (Found: C,65.69%; H,5.98%; N,2.98%. C2sH27N07 requires C,6621%; 
H,6.00%, N,3.09%); vmax(DCM)/cm-l : 3421 (br OH), 1737 (C=O), 1687 (C=O), 1257 
(C-O); (Found' M+, 453.1782 C2SH27N07 requires 453.1788); mlz: 453 (M+, 1 %),394 
(2),376 (7), 362 (12), 344 (26), 300 (15), 121 (6),91 (lOO); OH (CDC!], 400 MHz)' 1.19 
(3H, s, Clli), I 62 (3H, s, C!!J), 1.66 (1H, d J=13 2 Hz, NCCHH), 2 57 (lH, d J=13.2 
Hz, NCCHR), 3.58 (3H, s, 0 C!!J), 4.19 (IH, d J=15.2 Hz, NCHHPh), 456 (1H, s, 
C,!!OC), 4.73 (IH, d J=15.2 Hz, NCHHPh), 5.14 (lH, d J=12.0 Hz, OCHHPh), 5.19 
(lH, d J=12.0 Hz, OCHHPh), 7.17-7.35 (IOH, rn, Ar H); Oc (CDCb, lOO MHz): 19.83 
(£H]), 25.51 (£H]), 45.40 (NCCH2), 4604 (NCH2Ph), 5339 (OCH]), 57.21 
(NC(O)£CH]), 67.27 (OCH2Ph), 75 02 (NCC02Me), 86.61 (£HOC), 107.52 (OCOH), 
127.72 (Ar C), 127.77 (Ar C), 128.26 (Ar C), 128.49 (Ar C), 12853 (Ar C), 128.55 (Ar 
C), 128.68 (Ar C), 128.83 (Ar C), 135.47 (Ar C), 135.85 (Ar C), 168.88 (C=O), 172.42 
(C=O), 173.10 (C=O); and the ozonide 335 (52 mg, 2%). mp 147-8 QC, (Found: 
C,62.25%, H,5 64%; N,2.56% C26H29N09 requires C,62.52%; H,5.85%; N,2.80%); 
vmax(DCM)/cm- l : 3446 (br OH), 1735 (C=O), 1696 (C=O), 1266 (C-O); (Found: M+, 
499 1836. C26H29N09 requires 499.1842); mlz: 499 (M+, 3 %), 440 (17), 394 (16), 362 
(85),352 (44), 121 (45),91 (lOO); OH (CDCb, 400 MHz): 1.53 (3H, s, C!!J), 1.67 (3H, 
s, Clli), 2 28 (IH, d J=15.6 Hz, NCCHH), 2 81 (lH, d J=15.6 Hz, NCCHR), 2.91 (3H, 
s, OClli), 4.08 (1H, d J=15 6 Hz, NCHHPh), 4.56 (lH, d J=8.4 Hz, CH OH), 4.97 (lH, 
d J=8.4 Hz, CHOR), 5.06-5.13 (3H, rn, NCHHPh and OOCfuO), 5.20 (1H, d J=12.4 
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Hz, OCHHPh), 5.25 (lH, d J=12.4 Hz, OCHHPh), 7.12-741 (IOH, m, Ar H); Cc 
(CDCh, lOO MHz): 22.16 (£H3), 24 65 (£H3), 3914 (NC£;.H2), 44.37 (NCH2Ph), 51.61 
(OCH3), 51.71 (NC(O)CCH3), 6737 (OCH2Ph), 67.46 (NCC02Me), 7880 (£HOC), 
94.09 (OOCH20), 108.10 (CH3CCH2), 127.47 (Ar C), 128.00 (Ar C), 12831 (Ar C), 
128.36 (Ar C), 128.48 (Ar C), 128 59 (Ar C), 128.64 (Ar C), 135.11 (Ar C), 136.13 (Ar 
C), 170.21 (C=O), 171.26 (C=O), 171.97 (C=O). 
(4-Methoxy-benzylamino)-acetic acid ethyl ester, 296 
~OEt 
Br 11 
o 
214 
p-methoxy-benzylamme. Et3N 
.. 
llHDF,roonrrternperature 
H~-y°Et 
PMB 0 
296 
Triethylamme (5.56 ml. 0 04 mol) was added to a solutIOn of p-methoxybenzylamine 
(2.6 ml, 0 02 mol) in THF (30 ml) at 0 °C resultmg in a white mixture. Ethyl 
bromoacetate 214 (233 ml, 0.021 mol) was added and the reaction mixture was stirred 
at ambient temperature for four hours, after which the reactIOn mixture was filtered and 
concentrated. The crude product was punfied by column chromatography on silica gel 
using light petroleum I ethyl acetate (7:3) to give the desired compound 296 (4.40 g, 
99%).96 vrnalneat)/cm·1• 3333 (br N-H), 2980 (C-H), 1735 (C=O), 1513 (Ar C=C), 1246 
(C-O); (Found: M',223.1208. CI2H17N03 requires 223.1208); m/z: 223 (M+, 3%), 150 
(8), 136 (32), 121 (100), 91 (3), 78 (8); BH (CDCh, 400 MHz): 1.26 (3H, t J= 7.2 Hz, 
OCH2Cfu), 2.03 (lH, br s, NID, 3.38 (2H, s, NHClliCO), 3.74 (2H, s, NClliPh), 3.78 
(3H, s, OC!!J), 4.17 (2H, q J=7.2 Hz, OClliCH3), 6.85 (2H, m, Ar H), 7.26 (2H, m, Ar 
H); Bc (CDCh, 100 MHz)· 1422 (OCHZ£H3). 49.94 (NHCH2CO), 52.65 (NCH2Ph), 
55.20 (OCH3), 60.69 (OCH2CH3), 113.79 (Ar C), 12948 (Ar C), 131.60 (Ar C), 158.77 
(ArC), 172.44 (C=O). 
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N-(4-methoxy-benzyl)-N-ethoxycarbonylmethyl malonic acid monoamide benzyl 
ester, 279 
331 
I) oxalyl chlonde, rt 
2) N-PMB- glycme ethyl ester, 
pyndme, DMAP, DCM 
05 "yOB 
o N 
I 
PMB 
297 
The potassium salt 331 (6.22 g, 0.027 mol) was suspended m toluene (60 ml) and oxalyl 
chloride (7 0 ml, 0.08 mol) was added at ambient temperature. The reaction mixture was 
stlITed at ambient temperature for twenty four hours after which the solvent and excess 
oxalyl chlonde was removed to give the aCid chloride.63 The crude acid chlonde was 
then dissolved in DCM (50 ml) and added to a solutIOn of N-PMB glycme ethyl ester 
296 (6.57 g, 0 029 mol) m DCM (50 ml) at 0 QC. Pyridine (2.38 ml, 0.029 mol) and 
DMAP (163 mg, 1.34 mmol) were also added at 0 QC and the reaction was allowed to 
reach ambient temperature and was stlITed for four hours. The reaction mixture was 
washed With 5% HCl (2 x 30 ml), dried (MgS04), filtered through Silica and evaporated 
to give the product 297 as an orange oil (7.93 g, 74%), vmax(neat)/cm": 2979 (C-H), 
2937 (C-H), 1741 (C=O), 1656 (C=O), 1513 (Ar C=C), 1197 (C-O), 1196 (C-O); 
(Found: M+, 3991684. C2,H23NOS requires 3991682); mlz: 399 (M+, 6%), 308 (10), 
222 (100), 121 (74),91 (32); OH (CDCh, 400 MHz): l.20-1.26 (6H, m, OCH2Clli both 
rotamers), 3.52 (2H, s, OCCHzCO mmor rotamer), 361 (2H, s, OCClliCO major 
rotamer), 3 76 (3H, s, OClli mmor rotamer), 3.78 (3H, s, OClli major rotamer), 3.91 
(2H, s, NClliCO minor rotamer), 4.02 (2H, s, NClliCO major rotamer), 4.08-4 17 (2H, 
m, OCHzCH3 both rotamers), 453 (2H, s, NCHzPh major rotamer), 4.60 (2H, s, 
NClliPh minor rotamer), 5.16 (2H, s, OCHzPh major rotamer), 5.18 (2H, s, OClliPh 
mmor rotamer), 6.80 (2H, d J=8.8 Hz, PMB Ar H minor rotamer), 6.85 (2H, d J=8.8 
Hz, PMB Ar H major rotamer), 7.11 (2H, d J=8.8 Hz, PMB Ar H major rotamer), 7.15 
(2H, d J=8.8 Hz, PMB Ar H minor rotamer), 7.27-7.36 (lOH, m, Ar H both rotamers); 
Oc (CDCh, lOO MHz): 14.07 (OCH&H3), 14.11 (OCH&H3), 41.04 (OCCH2CO major 
rotamer), 41.34 (OCCH2CO mmor rotamer), 46.84 (NCH2CO major rotamer), 4878 
(NCH2CO minor rotamer), 49.26 (NCH2Ph mmor rotamer), 52.25 (NCH2Ph major 
rotamer), 5525 (OCH3), 55.29 (OCH3), 6033 (OCH2CH3), 6l.16 (OCH2CH3), 67.20 
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(OCH2Ph), 67.26 (OCH2Ph), 114.07 (PMB Ar C minor rotamer), 114.40 (PMB Ar C 
major rotamer), 127.11 (Ar C), 128.07 (Ar C), 128.31 (Ar C), 128.34 (Ar C), 128.43 
(Ar C), 128.55 (Ar C), 128.59 (Ar C), 129.81 (Ar C), 135 36 (Ar C), 135.43 (Ar C), 
159.24 (Ar C), 159.47 (Ar C), 166.39 (C=O), 16673 (C=O), 167.08 (C=O), 167.19 
(C=O), 168.79 (C=O), 16882 (C=O) 
1-(4-Methoxy-benzyl)-3-methyl-2,4-dioxo-pyrrolidine-3-carboxylic acid benzyl 
ester, 298 
OBn OBn OBn 
O~O:rOEt I) TBAF, E120, rt O~O+ ~OMe o _ • 2) Mel, THF, rt o N o N 
I I I 
PMB PMB PMB 
297 298 299 
TBAF (1 M solution in THF, 40 ml, 40 rnrnol) was added to a solution of the diester 
297 (7.9 g, 19.8 rnrnol) In dlethyl ether (lOO ml) under nItrogen at ambient temperature. 
The reactIOn mIxture was stlITed for one hour and the wlnte solId was removed by 
filtration and washed WIth dlethyl ether (2 x 50 ml). The solid was then suspended in 
THF (100 ml) and methyl iodIde (2.46 ml, 40 rnrnol) was added at ambient temperature. 
The reaction mixture was stirred at ambient temperature for twenty-four hours and then 
evaporated to dryness The crude product was then punfied by column chromatography 
on sIlIca gel using light petroleum / ethyl acetate (7:3) to ethyl acetate as eluent to give 
the product 298 as a yellow powder. (2.3 g, 32%). mp 103-4 °C, (Found: C, 68.40%; H, 
5.65%; N, 3.70%. C21H21NOS requires C,68.65%; H,5.76%; N,3.81 %); Vrnax (DCM)/ 
cm-I: 1780 (C=O), 1746 (C=O), 1697 (C=O), 1246 (C-O); (Found: M+, 367.1418. 
C21H21NOS requires 367.1420); rnlz: 367 (M+, 7%), 276 (27), 232 (lOO), 121 (47),91 
(37); OH (CDCI), 400 MHz): 155 (3H, s, C,fu), 3.66 (lH, d J=17.6 Hz, NCHHCO), 
3.86 (lH, d J=17.5 Hz, NCHHCO), 3.76 (3H, s, OC,fu), 4.28 (lH, d J=14.4 Hz 
NCHHPh), 4.89 (lH, d J=14.4 Hz, NCHHPh), 5.12 (lH, d J=12 4 Hz, OCHHPh), 5.17 
(lH, d J=12 4 Hz, OCHHPh), 672 (2H, d J=6.4 Hz, Ar PMB H), 7.07 (2H, d J=6.4 Hz, 
Ar PMB H), 7.20-7.36 (5H, rn, Ar H); oe (CD Cl), 100 MHz): 1523 (£H3), 45.59 
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(NCH2CO), 5485 (NCH2Ph), 55.27 (OCH3), 59.12 (NCOCCH3), 68.10 (OCH2Ph), 
114.33 (Ar PMB C), 12653 (Ar C), 127.97 (Ar C), 128.22 (Ar C), 128.52 (Ar C), 
128.68 (Ar C), 129.45 (Ar C), 134.76 (Ar C), 159.43 (Ar C), 165.36 (C=O), 169.28 
(C=O), 202.23 (C=O); and the by-product 299 as a yellow sohd (1.57 g, 19%) mp 111-
2°C, vrnax(DCM)/cm·1. 1718 (C=O), 1618 (C=O), 1068 (C-O); (Found: M" 367.1418. 
C21H21NOs requires 367.1420); mlz: 367 (M+, 177%),276 (100), 232 (46),121 (59),91 
(44); OH (CDCI), 400 MHz)· 3.77 (3H, s, OClli), 3.81 (2H, s, NC!!zCOMe), 3.88 (3H, 
s, OClli), 4.53 (2H, s, NC!!zPh), 5.30 (2H, s, OC!!zPh), ), 6 84 (2H, d J=64Hz, Ar 
PMB H), 7.16 (2H, d J=6 4Hz, Ar PMB H), 7.26-7.47 (5H, m, Ar H); Oc (CDCI), 100 
MHz)· 4485 (NCH2COMe), 47.20 (NCH2Ph), 55.29 (OCH3), 5861 (OCH3), 6598 
(OCH2Ph), 11423 (Ar PMB C), 127.90 (Ar C), 127.94 (Ar C), 128.45 (Ar C), 128.79 
(Ar C), 129.48 (Ar C), 136.17 (Ar C), 159.22 (Ar C), 16180 (C=O), 167.47 (C=O), 
176.77 (NCHZ£;OMe). 
1-( 4-Methoxy-benzyl)-3-methyl-2,4-dione-pyrrolidine-3,5-dicarboxylic acid 3-
benzyl ester 5-methyl ester, 301 
OBn 0;t:s° 
I 
PMB 
298 
LHMDS, DMPU, THF 
.. 
methyl cyanoformate, _78°C 
o~o 
° ~ OMe 
PMB 
301 
Hexamethyldlsllazide (2.78 ml, 12.5 mmol) was diluted in THF (50 m!) and cooled to-
78°C. Butyl hthium (2.5 M solution in hexanes, 5.0 ml, 12.5 mmol) was added and the 
solution was stirred for ten mInutes The cychc ester 298 (2.3 g, 6.25 mmol) was 
dissolved in THF (10 ml) and was added to the reaction mlxtlire, followed by DMPU 
(1.56 ml, 12.5 mmol). The resultIng orange solution was stlITed at -78°C for one hour. 
After this time methyl cyanoformate (1.0 ml, 12.5 mmol) was added and the solutIOn 
was stirred at -78°C for a further two hours. The reaction was poured onto a stirred 
mixture of DCM (100 ml) and a satlirated N~CI solution (30 ml). The orgamc phase 
was then washed with water (3 x 20 ml), dned (MgS04) and evaporated to dryness to 
gIve the crude product. This was punfied by colunm chromatography on silica gel USIng 
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light petroleum I ethyl acetate (7:3) as eluent to gIve the product 301 as a single 
dlastereoisomer (1.62 g, 61%) (Found: C,6405%; H,4.19%; N,2.22% C22H21N06 
requires C,64.93%, H,545%; N,3.29%); vrnax (neat)/cm"l. 1789 (C=O), 1749 (C=O), 
1706 (C=O); (Found MH+, 425.1470, C22H2IN06H+ requires 425.1475); m1z' 425 (M+, 
10%),334 (22), 290 (100), 121 (65),91 (40); OH (CDCh, 400 MHz): 1 60 (3H, s, Clli), 
3.76 (3H, s, OClli), 3.78 (3H, s, OClli), 3.90 (IH, d J=14.8 Hz, NCHHPh), 4.46 (lH, 
s, NCHC02Me), 5.07 (lH, d J=12.0 Hz, OCHHPh), 5 21 (lH, d J=12.0 Hz, OCHHPh), 
5.34 (lH, d J=14.0 Hz, NCHHPh), 664 (2H, d J=8.4 Hz, Ar PMB H), 6.96 (2H, d 
J=84Hz, Ar PMB H), 7.09-7.35 (SH, m, Ar H); oe (CDCh, 100 MHz). 16.05 (£H3), 
44.53 (NCH2Ph), 53.56 (OCH3), 55.26 (OCH3), 58.51 (NCOCCH3), 6737 
(NCHC02Me), 6844 (OCH2Ph), 114.31 (Ar C), 125.54 (Ar C), 128.22 (Ar C), 128.68 
(Ar C), 12876 (Ar C), 12976 (Ar C), 134.49 (Ar C), 159.49 (Ar C), 164.90 (C=O), 
16500 (C=O), 169.32 (C=O), 197.04 (C=O). 
3-Methyl-2,4-dioxo-pyrrolidine-3,5-dicarboxylic acid 3-benzyl ester 5-methyl ester, 
302 
O~:M' __ C_AN_,A_CN_IH_2_0-i.~ 0'Xf ~"' 
PMB H 
301 302 
The keto ester 301 (400 mg, 0.94 mmol) was dissolved in 3:1 acetomtnle! water (15 ml) 
and CAN (2.58 g, 4.70 mmol) was added at room temperature The reactIOn was stirred 
for three hours and then was diluted in DCM (60 ml) and washed with water (2 x 15 
ml), dned (MgS04) and evaporated to dryness. The crude product was punfied by 
column chromatography on Silica gel usmg light petroleum I ethyl acetate (1:1) as 
eluent to give the desired product 302 (102 mg, 36%). Vrnax (neat)/cm"l: 1789 (C=O), 
1749 (C=O), 1706 (C=O); (Found ~, 305.0899, C1sHlSN06 reqUires 305.0904); m1z: 
305 (M+, 4%), 214 (27),170 (43),121 (65),91 (100), OH (CDCh, 400 MHz)' 1.63 (3H, 
s, CH3), 399 (3H, s, OClli), 383 (lH, s, NCHC02Me), 5.07 (lH, d J=12.2 Hz, 
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OCHHPh), 5 22 (lH, d J=12.2 Hz, OCHHPh), 7.23-7.38 (5H, m, Ar H), 8.02 (lH, bs, 
N!!); Oc (CDCh, 100 MHz): 14.51 (£H3), 53.87 (OCH3), 62.16 (NC(O)CCH3), 65.79 
(NCHC02Me), 68.11 (OCH2Ph), 127.61 (Ar C), 128.37 (Ar C), 128.39 (Ar C), 
135.07 (Ar C), 168.31 (C=O), 169.02 (C=O), 172.69 (C=O), 201.44 (C=O). 
1-(4-methoxybenzyl)-3-methyl-2,4-dioxo-4-(2-oxobutyl)pyrrolidine-3,5-
dicarboxylic acid 3-benzyl ester 5-methyl ester, 303 
OBn 
OBn 0 0:&0 ~Br 0 Et .. 
o ~ OMe NaH,DMF 
PMB 0 
301 303 
The keto ester 301 (200 mg, 0.47 mmol) was added to a solution of sodIUm hydride (23 
mg, 0.56 mmol), in DMF (5 ml) at 0 °C After sllmng for one hour at ambient 
temperature, l-bromo-2-butanone (0 08 ml, 0.71 mmol) was added and the reactIOn was 
stIrred for three hours at ambient temperature. After this time the reaction mixture was 
poured mto ice-cold water (20 ml) and extracted WIth ethyl acetate (2 x 15 ml), dried 
(MgS04) and evaporated to dryness. The crude material was punfied by column 
chromatography using Silica gel and light petroleum! ethyl acetate (2:1) to give the 
desired product 303 as a single diastereoisomer (68 mg, 29%). vrnax(neat)/cm· l : 2954 (C-
H), 2936 (C-H), 1784 (C=O), 1745 (C=O), 1732 (C=O), 1703 (C=O); (Found M'", 
495.1881. C27H29NOg requires 495.1893); rnIz. 495 (M+, 8%), 404 (24), 360 (49), 162 
(19),121 (100),91 (43),77 (11), oH(CDCh, 400 MHz): 0 64 (3H, tJ=6 8 Hz, C!!JCH2), 
\.83-2.02 (5H, m, CH3C!h and C!!J), 3.06 (lH, d .1=15 6 Hz, NCCHH), 3.26 (3H, s, 
OC!!J), 3.72 (3H, s, OC!!J), 4.16 (IH, dJ=15.6 Hz, NC!!HPh), 5.06 (lH, d J=12.4 Hz, 
OCHHPh), 5.17-5.35 (2H, m, NCHHPh and OCHHPh), 6.75 (2H, dJ=8 4 Hz, ArPMB 
H), 7.10 (2H, d J=8 4 Hz, Ar PMB H), 7.27-7.39 (!iH, m, Ar H); oc(CDCh, 100 MHz): 
692 (£H3CH2), 17.43 (£H3), 3428 (CH3CH2), 44 48 (NCCHH), 45.74 (NCH2Ph), 
5540 (OCH3), 5822 (NCCCH3), 68.11 (OCH2Ph), 73.49 (NCCHH), 11408 (Ar C), 
127.05 (Ar C), 127.66 (Ar C), 128.23 (Ar C), 128.32 (Ar C), 128.37 (Ar C), 128.58 (Ar 
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C), 128.69 (Ar C), 130.30 (Ar C), 159.28 (Ar C), 165.64 (C=O), 166.34 (C=O), 170.41 
(C=O), 198.93 (C=O), 204.82 (C=O) 
5-( di( ethoxycarbonyl)(hydroxy)methyl)-l-( 4-methoxybenzyI)-3-methyl-2,4-
dioxopyrrolidine-3,5-dicarboxylic acid 3-benzyl ester 5-methyl ester, 305 
. NaH,DMF 
301 
O~°co,M' O~~~C02Et 
PMBHO C02Et 
305 
The keto ester 301 (200 mg, 0.47 mmol) was added to a solutIOn of sodium hydride (23 
mg, 0.56 mmol), in DMF (5 ml) at 0 °C After stirring for one hour at ambient 
temperature, diethyl ketomalonate (0 11 ml, 0.71 mmol) was added and the reaction was 
stirred for three hours at ambIent temperature. After thIs time the reactIOn mixture was 
poured mto ice-cold water (20 ml) and extracted with ethyl acetate (2 x 15 ml), dried 
(MgS04) and evaporated to dryness. The crude matenal was purified by column 
chromatography using sIlIca gel and lIght petroleum! ethyl acetate (3:1) to give the 
product (40 mg, 14%) vmax(neat)/cm,l: 1779 (C=O), 1750 (C=O), 1737 (C=O), 1710 
(C=O); oH(CDCh, 400 MHz): 1.12-1.34 (6H, m, (C02CH2C!bH 1.58 (3H, s, C!!J), 
3.62 (3H, s, OC!!J), 3.78 (3H, s, OC!!J), 4.14-4.30 (4H, m, (C02CfuCH3n), 4.85 (IH, 
d J=15 6 Hz, NCHHPh), 5.11 (!H, d J=12 Hz, OCHHPh), 5.17 (IH, d J=12 Hz, 
OCHHPh), 5.42 (!H, d J=15.6 Hz, NCHHPh), 6.41 (2H, d J=8.8 Hz, Ar H), 6.78 , d 
J=8.8 Hz, Ar H), 7.18-7.35 (5H, m, Ar H); oc(CDCb, 100 MHz) 13.80 (C02CH2£HJ), 
14.21 (C02CH2£H3), 15.91 (£H3), 44.78 (NCH2Ph), 53.47 (OCH3), 55.32 
(NC(O)CCH3), 55.83 (OCH3), 62.29 (C02£H2CH3), 62.91 (C02£H2CH3), 6549 
(£(C02CH2CH3)2), 6889 (OCH2Ph), 74.01 (NCC02Me), 114.06 (Ar C), 128.19 (Ar 
C), 12833 (Ar C), 12885 (Ar C), 135.11 (Ar C), 137.56 (Ar C), 158.64 (C=O), 162.89 
(C=O), 163.87 (C=O), 164.05 (C=O), 170.76 (C=O), 20218 (C=O). 
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(Z)-3-methoxyprop-2-en-l-ol,336 
DIBAL-H 
hexanes, rt 
313 
~OH 
OMe 
336 
Methyl-cis-methoxy acrylate 313 (3 g, 25 8 mmol) was diluted in hexanes (10 ml) and 
cooled to 0 cC. Dlisobutylalummium hydnde (I M solution m toluene, 58 1 ml, 58.1 
mmol) was added gradually and the reaction mixure was wanned to room temperature. 
After 2 h at room temperature, the reaction mlxure was cooled to 0 °C and water (50 
ml) was added slowly. The mixture was extracted with ethyl acetate (3 x 30 ml), the 
organic layer was dried (MgS04) and evaporated to dryness (2.27 g, 100 %). 
vrnax(neat)/cm-1 3420 (br O-H), 2933 (C-H), 1653 (C=C) 1214 (C-O), (Found: M+, 
88.0523. C4H80 2 requires 88.0524); m!z: 88 (M., 24%),87 (34), 71 (100),57 (35), 41 
(49); OH(CDCh, 400 MHz)· 3.52 (3H, s, OC!b), 3 66 (lH, d J=5.6 Hz, OID, 4.01 (2H, 
d J=7.6 Hz, ClliOH), 495-4.98 (lH, m, CHlOCH=CID, 652 (lH, d J=128 Hz, 
CHlOCH=CH); Oc(CDCIl, lOO MHz). 56.02 (OCHl), 60.56 (£H20H), 101.94 
(CHlOCH=CH), 151.03 (CHlOCH=CH). 
(Z)-3-methoxyallyl acetate, 310 
~OH 
OMe 
313 
DCM 
~OAC 
OMe 
310 
(Z)-3-methoxyprop-2-en-l-ol, 313 (2.27 g, 25 8 mmol) was diluted in DCM (10 ml) and 
acetic anhydnde (73 ml, 77.3 mmol), triethylamme (10.8 ml, 77.3 mmol) and DMAP 
(315 mg, 2.58 mmol) were added at room temperature. After stirring for 2 h at room 
temperature, the reaction mixture was diluted with DCM (50 ml) and washed with water 
(2 x 20 ml), dried (MgS04) and evaporated to dryness. The crude matenal was purified 
by comlunm chromatography usmg Silica gel and light petroleum! ethyl acetate (3:1) to 
gIVe the product 310 as a colourless Oil (1.03 g, 30%). vrnax(neat)/cm- I : 2955 (C-H), 
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2926 (C-H), 1743 (C=O), 1255 (C-O), (Found M., 130.0631. C6H lO03 reqUIres 
1300630); m!z 130 (M" 5%), 117 (30), 87 (28), 61 (61),57 (95), 43 (100); 15H(CDCI], 
400 MHz): 205 (3H, S, CH3CO), 3.56 (3H, s, CH30), 448 (2H, d J=8 Hz, C!!zOAc), 
4.88-494 (lH, m, CH30CH=CID, 6 62 (lH, dJ=12.8 Hz); 15c(CDCh, 100 MHz): 21.28 
(£H3CO), 56.15 (£H30), 62.73 (£HzOAc), 96.93 (CH30CH=CH), 153.31 
(CH30CH=CH) 
1-(4-methoxybenzyl)-S-(1-methoxyallyl)-3-methyl-2,4-dioxopyrrolidine-3,S-
dicarboxylic acid 3-benzyl ester S-methyl ester, 314 
OBn OBn 
O~O NaH, 1HF, 40°C 0 .. OMe ~OAC o ~ OMe Pd(PPh3l4, 
PMB OMe 
301 314 
The ~-keto ester 301 (200 mg, 047 mmol) was dissolved m THF (5 ml) and NaH (21 
mg, 0.52 mmol) was added at room temperature The reaction mIXture was heated to 40 
°C and stlITed for 1 h Pd(PPh3)4 (27 mg, 0 024 mmol) followed by (Z)-3-methoxyallyl 
acetate 301 (61 mg, 047 mmol) was added at 40°C and the reaclion mixture was stlITed 
at this temperature for 48 h After this lime the reaclion was cooled to room temperature 
and quenched with saturated ammomum chlonde solution (20 ml) and extracted with 
dlethyl ether (2 x 20 ml), dned (MgS04) and evaporated to dryness. The crude material 
was punfied by column chromatography usmg silica gel and light petroleum! ethyl 
acetate (3 1) to give the product (45 mg, 19%) vrnax(neat)/cm'!: 3053 (C-H), 2985 (C-
H), 1784 (C=O), 1749 (C=O), 1704 (C=O), (Found: M+, 495.1893. C27H2~08 requires 
495.1893); m!z' 495 (M+, 5%), 162 (12), 121 (78), 91 (27), 71 (lOO); 15H(CDCh, 400 
MHz): 1.56 (3H, s, Cfu), 3 28 (3H, s, OCH3), 3.76 (3H, s, OCfu), 4 16 (lH, m, 
CHOMe), 4.63-4.66 (3H, m, fuC=CID, 4 99 (lH, d J=12.4 Hz, NCHHPh), 5.09 (IH, d 
J=12.4 Hz, NCHHPh), 5.11 (lH, d J=12 Hz, OCHHPh), 519 (lH, d J=12 Hz, 
OCHHPh), 6.79 (2H, d J=8 8 Hz, Ar PMB H), 7 24-7 33 (7H, m, Ar H); 15c(CDCI], 100 
MHz): 12.85 (£H3),1978 CHOMe), 4270 (NCHzPh), 53.87 (OCH3), 55.29 (OCH3), 
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58 50 (NC(O)CCH3), 68 00 (OCH2Ph), 8056 (NCC02Me), 113.99 (Ar C), 127.94 (Ar 
C), 128.58 (Ar C), 128.71 (Ar C), 12873 CAr C), 130.27 (Ar C), 130.31 (Ar C), 159.50 
(C=O), 167.88 (C=O), 168.92 (C=O), 171.43 (C=O). 
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3.2.1 X-ray data for compound 233 
Table 1. Crystal data and structure refinement for pcbp2. 
IdentificatIOn Code 
Chemical formula 
Formula weight 
Temperature 
RadiatIOn, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated denSity 
AbsorptIOn coeffiCient ~ 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collectlon method 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
ReflectIOns collected 
Independent reflections 
ReflectIOns With F2>2cr 
Absorption correctIOn 
Mm. and max. transmission 
Structure solutIOn 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Fmal R indices [F2>2cr] 
R mdices (all data) 
Goodness-of-fit on F2 
ExtmctIOn coefficient 
Largest and mean shift/su 
Largest diff. peak and hole 
DaVld Leach 
pcpb2 
C22H21N07 
411.40 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P2dn 
a= 9.8609(4) A 
b = 106960(5) A 
c= 19.3194(9) A 
2035.37(16) A3 
4 
1.343 gicm3 
0.101 mm-I 
864 
a=90° 
~ = 92.715(2)° 
1=90° 
colourless, 0.31 x 0.28 x 0.09 mm3 
9460 (9 range 2.17 to 28.76°) 
Bruker SMART 1000 CCD dlffractometer 
ro-rotation With narrow frames 
2.11 to 28.78° 
h -12 to 12, k -14 to 13,1-25 to 25 
1000% 
0% 
17161 
4833 (RIOt = 0 0163) 
4065 
semi-empirical from equivalents 
0.969 and 0.991 
direct methods 
Full-matnx least-squares on F2 
0.0420, 0.6732 
4833/0/275 
RI = 0.0354, wR2 = 0 0875 
RI = 0 0442, wR2 = 0.0941 
1.027 
0.0005(6) 
0.000 and 0 000 
0.343 and -0.197 e A-3 
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Table 2. Atomic coordmates and equivalent Isotropic dIsplacement parameters (A2) 
for pcbp2. Ueq IS defined as one tlurd ofthe trace oftbe orthogonahzed U'J tensor. 
C(1) 
0(1) 
N(1) 
C(2) 
0(2) 
C(3) 
0(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(11) 
C(12) 
0(4) 
0(5) 
C(13) 
C(14) 
C(15) 
0(6) 
0(7) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
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x 
0.14711(10) 
0.09890(8) 
0.13268(9) 
0.21074(11) 
0.31561(9) 
0.27105(10) 
034271(9) 
0.23465(11 ) 
0.07108(13) 
-0.04636(13) 
-0 03722(15) 
-0 14503(17) 
-0.26205(17) 
-0.27266(16) 
-0.16479(14) 
012336(11) 
0.14921(9) 
0.02360(8) 
-0.06431 (13) 
036217(12) 
015052(11) 
0.15692(10) 
0.07197(9) 
-0.01693(13) 
-0.14230(12) 
-0.17703(12) 
-0.29295(13) 
-0.37397(13) 
-0.34070(13) 
-022559(13) 
y z 
045979(10) 0.15501(5) 
0.56416(7) 0.14821(4) 
0.38389(8) 0.21054(5) 
0.26917(10) 0.21045(6) 
0.27143(8) 0.26166(4) 
0.27206(10) 0.13791(6) 
019101(8) 0.11737(5) 
0.39474(10) 0.10201(5) 
0.42783(11) 0.27398(6) 
0.34761(11) 029467(6) 
0.28111(13) 0.35645(7) 
0.20805(15) 0.37635(9) 
0.20143(15) 0.33523(9) 
0.26698(16) 027347(9) 
034000(14) 025310(7) 
0.15128(10) 021856(5) 
o 07540(8) 0.26270(4) 
014434(8) 017095(4) 
0.03601(12) 0.17707(7) 
0.47123(12) 0.08766(6) 
0.37495(10) 0.03411(5) 
044120(9) -001525(4) 
027544(8) 003837(4) 
024586(13) -002250(6) 
0.18650(11) 0.00356(6) 
0.06381(12) -0.01344(6) 
0.01028(12) 001229(7) 
007842(13) 005449(7) 
020114(13) 007110(7) 
0.25487(12) 0.04577(7) 
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00217(2) 
002746(18) 
0.02365(19) 
00233(2) 
0.0324(2) 
0.0237(2) 
0.0347(2) 
0.0230(2) 
0.0319(3) 
0.0309(3) 
00406(3) 
0.0521(4) 
0.0522(4) 
0.0514(4) 
0.0414(3) 
00229(2) 
0.0322(2) 
0.02983(19) 
00340(3) 
00308(3) 
00231(2) 
00403(2) 
0.0357(2) 
00349(3) 
00288(2) 
0.0314(3) 
00360(3) 
00372(3) 
0.0393(3) 
0.0359(3) 
X-ray Dat. 
Table 3. Bond lengths [A] and angles [0] forpcbp2. 
C(1)-O(I) 1.2181(13) C(1)-N(l) 1.3582(14) 
C(1)-C(4) 1 5368(15) N(I)-C(2) 14486(14) 
N(1)-C(S) 1.4706(14) C(2)-O(2) 1.3970(13) 
C(2)-C(12) 1.5394(15) C(2)-C(3) 1.5486(15) 
C(3)-O(3) 1.1978(14) C(3)-C(4) 1.5192(15) 
C(4)-C(IS) 1.5333(15) C(4)-C(14) 1.5364(15) 
C(S)-C(6) 1.5102(17) C(6)-C(11) 1.3880(19) 
C(6)-C(7) 1.3887(18) C(7)-C(8) 1.388(2) 
C(8)-C(9) 1.371(3) C(9)-C(10) 1.384(2) 
C(10)-C(11) 1.391(2) C(12)-O(4) 1.1960(13) 
C(12)-O(S) 1.3166(13) O(S)-C(13) 1.4552(14) 
C(IS)-O(6) 1.1920(14) C(IS)-O(7) 1.3213(13) 
O(7)-C(16) 1.4676(14) C(16)-C(17) 1.4980(17) 
C(17)-C(18) 1.3917(17) C(17)-C(22) 1.3920(18) 
C(18)-C(19) 1 3912(17) C(19)-C(20) 1.3768(19) 
C(20)-C(21 ) 1.3870(19) C(21 )-C(22) 1.3822(19) 
O(I)-C(I)-N(I) 12532(10) O(I)-C(I)-C(4) 124.87(10) 
N(I)-C(I)-C(4) 109.81(9) C(1)-N(I)-C(2) 11546(9) 
C(1)-N(1)-C(S) 122.02(9) C(2)-N(I)-C(S) 120.81(9) 
O(2)-C(2)-N(1) 111.11(9) O(2)-C(2)-C(12) 109.96(8) 
N(I)-C(2)-C(12) 113.19(9) O(2)-C(2)-C(3) 109.72(9) 
N(I)-C(2)-C(3) 102 19(8) C(12)-C(2)-C(3) 110.44(9) 
O(3)-C(3)-C( 4) 127.17(10) O(3)-C(3)-C(2) 122.90(10) 
C( 4)-C(3)-C(2) 109.74(9) C(3)-C(4)-C(IS) 112.21(9) 
C(3)-C( 4)-C(14) 111.39(9) C(IS)-C(4)-C(14) 109.47(9) 
C(3)-C(4)-C(1) 102.41(8) C(IS)-C(4)-C(I) 10953(8) 
C(14)-C( 4)-C(1) 111 68(9) N(I)-C(S)-C(6) 113.03(9) 
C( 11)-C( 6)-C(7) 119.07(12) C(11 )-C(6)-C(S) 120.99(11) 
C(7)-C(6)-C(S) 11994(12) C(8)-C(7)-C(6) 120.46(15) 
C(9)-C(8)-C(7) 12020(15) C(8)-C(9)-C(10) 120.04(14) 
C(9)-C(10)-C(11) 12005(15) C(6)-C(II)-C(10) 120.18(14) 
O( 4)-C(12)-O(S) 125.93(10) O(4)-C(12)-C(2) 121.80(10) 
O(S)-C(12)-C(2) 112.24(9) C(12)-O(S)-C(13) 114.61(9) 
O(6)-C(IS)-O(7) 125.60(10) O(6)-C(IS)-C( 4) 123.74(10) 
O(7)-C(IS)-C(4) 11066(9) C(IS)-O(7)-C(16) 116.96(9) 
O(7)-C(16)-C(17) 107.05(9) C(18)-C(l7)-C(22) 119.22(11) 
C(18)-C(17)-C(16) 121.21(12) C(22)-C(17)-C(16) 119.57(11) 
C(19)-C(18)-C(l7) 12006(12) C(20)-C(19)-C(18) 120.22(12) 
C(19)-C(20)-C(21) 120.03(12) C(22)-C(21 )-C(20) 12005(13) 
C(21 )-C(22)-C(l7) 120.41(12) 
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Table 4. Amsotropic displacement parameters (A2) for pcbp2. The anisotropic 
I dIsplacement factor exponent takes the form. -2Ji[h2a*2UIl + ... + 2hka*b*UI2] 
• 
Ull U22 U33 U23 Ul3 UI2 
C(l) 00209(5) 0.0214(5) 0.0225(5) -0.0013(4) -0.0028(4) -0.0027(4) 
0(1) 00311(4) 0.0221(4) 0.0287(4) -0.0001(3) -0.0038(3) 0.0040(3) 
N(l) 00286(5) 0.0198(4) 0.0229(4) -0.0011(3) 00039(4) -0.0006(4) 
C(2) 0.0250(5) 0.0209(5) 0.0237(5) 0.0006(4) -00027(4) -0.0011(4) 
0(2) 0.0366(5) 0.0262(4) 0.0333(4) 00059(3) -00125(4) -0.0072(3) 
C(3) 0.0189(5) 0.0241(5) 0.0279(5) -0.0014(4) -0.0005(4) -0.0018(4) 
0(3) 0.0307(4) 0.0315(4) 0.0424(5) -0.0016(4) 00068(4) 00077(4) 
C(4) 0.0227(5) 00227(5) 0.0236(5) 0.0002(4) 0.0020(4) -00026(4) 
C(5) 00427(7) 00270(6) 00268(5) -00050(4) 0.0098(5) -0.0029(5) 
C(6) 0.0372(6) 00246(5) 00321(6) -00037(4) 0.0128(5) 0.0032(5) 
C(7) 0.0454(7) 0.0395(7) 0.0381(7) 0.0045(6) 00150(6) 0.0050(6) 
C(8) 00605(10) 0.0456(8) 0.0529(9) 0.0100(7) 00287(8) 00019(7) 
C(9) 00507(9) 00426(8) 0.0662(10) -0.0095(7) 00341(8) -00056(7) 
C(10) 0.0378(8) 00559(9) 00613(10) -00170(8) 0.0111(7) -0.0014(7) 
C(l1) 00413(7) 00428(8) 00405(7) -0.0023(6) 0.0071(6) 0.0026(6) 
C(12) 0.0245(5) 0.0206(5) 0.0238(5) -0.0014(4) 00015(4) 0.0010(4) 
0(4) 0.0338(4) 0.0255(4) 0.0367(5) 0.0087(3) -00067(3) -00021(3) 
0(5) 0.0313(4) 00281(4) 00294(4) 00055(3) -0.0059(3) -0.0083(3) 
C(13) 00329(6) 0.0310(6) 00375(6) 0.0027(5) -0.0041(5) -0.0121(5) 
C(14) 00277(6) 0.0325(6) 0.0324(6) -0.0008(5) 00053(5) -0.0090(5) 
C(15) 00249(5) 0.0222(5) 00226(5) -00011(4) 0.0036(4) -0.0004(4) 
0(6) 0.0590(6) 00348(5) 00264(4) 00062(4) -0.0044(4) -0.0179(4) 
0(7) 00372(5) 0.0383(5) 00303(4) 0.0122(4) -0.0112(4) -0.0176(4) 
C(16) 0.0354(6) 0.0404(7) 0.0279(6) 0.0073(5) -00086(5) -00139(5) 
C(17) 00275(5) 0.0291(6) 0.0288(5) 0.0052(4) -0.0079(4) -00049(5) 
C(18) 0.0300(6) 0.0322(6) 00317(6) -0.0036(5) -0.0038(5) -0.0030(5) 
C(19) 0.0340(6) 0.0301(6) 00430(7) -00031(5) -0.0061(5) -0.0091(5) 
C(20) 0.0247(6) 0.0430(7) 00436(7) 00019(6) -0.0029(5) -00066(5) 
C(21) 00298(6) 0.0395(7) 0.0484(8) -0.0047(6) -0.0004(5) 00054(5) 
C(22) 00370(7) 0.0241(6) 0.0459(7) -0.0004(5) -0.0071(5) -0.0006(5) 
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Table 5. Hydrogen coordinates and isotropIc displacement parameters (A 2) for pcbp2. 
x y z U 
H(2) 0.3165 0.2037 0.2837 0.049 
H(5A) 0.0388 0.5147 0.2668 0.038 
H(5B) 0.1413 0.4287 03123 0.038 
H(7) 0.0434 0.2856 0.3853 0.049 
H(8) -0.1377 0.1625 0.4186 0.063 
H(9) -0.3359 0.1518 03492 0.063 
H(lO) -0.3537 0.2621 02450 0.062 
H(lI) -0.1722 0.3848 0.2106 0.050 
H(13A) -0.0092 -00403 0.1784 0.051 
H(13B) -0.1293 0.0329 0.1371 0.051 
H(13C) -0.1136 00425 0.2198 0.051 
H(14A) 0.4174 04816 01308 0.046 
H(l4B) 0.3353 0.5535 0.0694 0046 
H(14C) 04152 0.4273 0.0536 0046 
H(16A) 0.0292 0.1877 -0.0536 0042 
H(16B) -00406 0.3230 -0.0487 0.042 
H(l8) -0.1215 0.0166 -0.0426 0.038 
H(19) -0.3163 -0.0736 00007 0.043 
H(20) -04527 0.0414 00722 0.045 
H(21) -03971 0.2483 00999 0047 
H(22) -0.2032 03390 0.0572 0043 
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3.2.2 X-ray data for compound 272 
Table I. Crystal data and structure refinement for pcbp25. 
IdentificatIOn code 
Empirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 
Umt cell dimensions 
Volume 
Z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 
Theta range for data collectIOn 
Index ranges 
Reflections collected 
Independent reflectIOns 
Completeness to theta = 25.00° 
Absorption correction 
Max. and mm. transmission 
Refinement method 
Data / restramts / parameters 
Goodness-of-fit on F2 
Final R indices [I>2sigma(I)] 
R indices (all data) 
Largest diff. peak and hole 
DaVldLeach 
pcbp25 
C26H27N06 
449.49 
150(2) K 
071073 A 
Tric1inic 
P-l 
a = 9.0778(8) A 
b = 102101(9) A 
c = 14.4233(13) A 
1162.37(18) A3 
2 
1.284 Mg/m3 
0.091 mm-I 
476 
0.49 x 0.34 x 0 06 mm3 
1.50 to 25.00°. 
0.= 101.921(2)°. 
~= 99.354(2)°. 
"F 112.7040(10)° 
-10<=h<=10, -12<=k<=12, -16<=1<=17 
8291 
4059 [R(int) = 0.0129] 
99.3 % 
MultJ.scan 
1.00000 and 0.937058 
Full-matnx least-squares on F2 
4059/0/298 
1.019 
RI = 0 0362, wR2 = 0.0885 
RI = 0.0471, wR2 = 0.0956 
0.240 and -0 217 e.A-3 
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Table 2. Atomic coordinates ( x 104) and equivalent IsotroPIC displacement parameters 
(,\2x 103) for pcbp25. U( eq) IS defined as one third of the trace ofthe orthogonalized 
Ui] tensor. 
x y z U(eq) 
N(I) -1334(1) -900(1) 1427(1) 24(1) 
C(5) -2216(2) -307(2) 813(1) 28(1) 
C(6) -2574(2) 887(2) 1407(1) 26(1) 
C(7) -1289(2) 2187(2) 2053(1) 31(1) 
C(8) -1620(2) 3286(2) 2587(1) 36(1) 
C(9) -3243(2) 3098(2) 2477(1) 36(1) 
C(lO) -4529(2) 1811(2) 1843(1) 33(1) 
C(II) -4197(2) 706(2) 1312{l) 28(1) 
C(I) 337(2) -373(2) 1663(1) 25(1) 
0(1) 1269(1) 568(1) 1364(1) 34(1) 
C(2) 881(2) -1156(2) 2349(1) 25(1) 
C(12) 1997(2) -54(2) 3341{l) 27(1) 
0(3) 3094(2) -181(1) 3834(1) 47(1) 
0(2) 1567(2) 1043(1) 3578(1) 43(1) 
C(13) 2553(3) 2217(2) 4499(1) 50(1) 
C(14) 2619(2) 3647(2) 4357(1) 33(1) 
C(15) 3230(2) 4159(2) 3614(1) 45(1) 
C(16) 3325(2) 5503(2) 3507(1) 50(1) 
C(17) 2829(2) 6344(2) 4138{l) 49(1) 
C(18) 2213(3) 5839(2) 4866(1) 47{l) 
C(19) 2100(2) 4496(2) 4974(1) 40{l) 
C(20) 1750(2) -2038(2) 1887(1) 33{l) 
C(3) -759(2) -2193(2) 2482(1) 25(1) 
0(4) -933(1) -2989(1) 3003(1) 36(1) 
C(4) -2198(2) -2103(2) 1818(1) 26(1) 
C(21) -3249(2) -1664(2) 2445(1) 28(1) 
0(5) -4731(1) -2241(1) 2222(1) 42(1) 
0(6) -2277(1) -549(1) 3244{l) 35{l) 
C(22) -3110(3) 106(2) 3838(1) 45(1) 
C(23) -3313(2) -3603(2) 1031(1) 33(1) 
C(24) -2485(2) -4200(2) 333(1) 35(1) 
C(25) -2170(3) -3574(2) -486(1) 49(1) 
C(26) -2141(2) -5338(2) 442(1) 47(1) 
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Table 3. Bond lengths [A] and angles [0] for pcbp25. 
N(l)-C(1) 1 3538(18) 
N(I)-C(4) 1.4587(18) 
N(I)-C(5) 
C(5)-C(6) 
C(6)-C(7) 
C(6)-C(11) 
C(7)-C(8) 
C(8)-C(9) 
C(9)-C(10) 
C(10)-C(11) 
C(1)-0(1) 
C(1)-C(2) 
C(2)-C(12) 
C(2)-C(3) 
C(2)-C(20) 
C(12)-0(3) 
C(12)-0(2) 
0(2)-C(13) 
1.4691(18) 
1.513(2) 
1 390(2) 
1.392(2) 
1.386(2) 
1.387(2) 
1.378(2) 
1390(2) 
12191(17) 
1.529(2) 
1.524(2) 
1.528(2) 
1.532(2) 
1.1930(18) 
1.3217(18) 
1.460(2) 
C(1)-N(1)-C(4) 
C(1)-N(I)-C(5) 
C(4)-N(1)-C(5) 
N(1)-C(5)-C(6) 
C(7)-C( 6)-C( 11 ) 
C(7)-C( 6)-C( 5) 
C(11)-C(6)-C(5) 
C(8)-C(7)-C( 6) 
C(7)-C(8)-C(9) 
C(10)-C(9)-C(8) 
C(9)-C(10)-C(11) 
C(10)-C(11)-C(6) 
O(l)-C(l)-N(I) 
0(1 )-C(1)-C(2) 
N(l )-C(1)-C(2) 
115.47(12) 
122.20(12) 
122.33(12) 
113.08(12) 
118.76(14) 
120.69(13) 
120.55(14) 
12052(14) 
12010(15) 
12000(15) 
11988(14) 
120.73(15) 
125.38(14) 
124.96(13) 
109.65(12) 
C(17)-C(16)-C(15) 12021(17) 
C(18)-C(17)-C(16) 119.74(17) 
DaVldLeach 
C(13)-C(14) 1.496(2) 
C(14)-C(19) 1.378(2) 
C(14)-C(15) 
C(15)-C(16) 
C(16)-C(17) 
C(17)-C(18) 
C(18)-C(19) 
C(3)-0(4) 
C(3)-C(4) 
C(4)-C(23) 
C(4)-C(21) 
C(21)-0(5) 
C(21)-0(6) 
0(6)-C(22) 
C(23)-C(24) 
C(24)-C(26) 
C(24)-C(25) 
1.388(2) 
1.384(3) 
1.370(3) 
1 369(3) 
1 378(2) 
1.2005(18) 
1.535(2) 
1.539(2) 
1.541(2) 
1.1950(18) 
1 3247(19) 
1.4546(18) 
1 515(2) 
1.346(2) 
1472(2) 
C(12)-C(2)-C(3) 
C(12)-C(2)-C(1) 
C(3)-C(2)-C(1) 
C(12)-C(2)-C(20) 
C(3)-C(2)-C(20) 
C(1)-C(2)-C(20) 
O(3)-C(12)-0(2) 
O(3)-C(12)-C(2) 
0(2)-C(12)-C(2) 
C(12)-0(2)-C(13) 
0(2)-C(13)-C(14) 
C(19)-C(14)-C(15) 
C(19)-C(14)-C(13) 
C(15)-C(14)-C(13) 
C(16)-C(15)-C(14) 
C(3 )-C( 4 )-C(21) 
C(23)-C(4)-C(21) 
- 159-
10963(11) 
111.19(12) 
102.77(11) 
11031(12) 
111.05(12) 
111.67(12) 
125.08(14) 
12427(14) 
110.64(12) 
117.26(12) 
107.75(13) 
11867(16) 
120.41(16) 
120.91(16) 
12030(17) 
10966(12) 
10904(12) 
X-ray Data 
C(17)-C(18)-C(19) 12047(18) O( 5)-C(21 )-0(6) 125.66(14) 
C(14)-C(19)-C(18) 12059(17) O(5)-C(21)-C(4) 12405(14) 
O( 4)-C(3 )-C(2) 12651(14) O(6)-C(21)-C(4) 110.27(12) 
O(4)-C(3)-C(4) 124.08(13) C(21 )-O( 6)-C(22) 11597(13) 
C(2)-C(3 )-C( 4) 109.39(12) C(24)-C(23)-C( 4) 11633(13) 
N(1)-C(4)-C(3) 102.26(11) C(26)-C(24)-C(25) 121.64(16) 
N(1)-C(4)-C(23) 114.44(12) C(26)-C(24)-C(23) 119.49(16) 
C(3)-C( 4)-C(23) 111.14(12) C(25)-C(24)-C(23) 118.76(15) 
N(1)-C(4)-C(21) 11009(11) 
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Table 4. Anisotropic displacement parameters (A2x 103) for pcbp25. The anisotropIc 
displacement factor exponent takes the form: -21t2[ h2 a*2UII + . + 2 h k a* b* U12] 
U11 U22 U33 U23 U13 UI2 
N(I) 22(1) 27(1) 24(1) 9(1) 7(1) 11(1) 
C(5) 27(1) 36(1) 23(1) 10(1) 4(1) 15(1) 
C(6) 25(1) 31(1) 25(1) 15(1) 7(1) 13(1) 
C(7) 24(1) 35(1) 36(1) 13(1) 5(1) 14(1) 
C(8) 34(1) 30(1) 38(1) 7(1) 2(1) 11(1) 
C(9) 41(1) 36(1) 38(1) 13(1) 12(1) 23(1) 
C(10) 29(1) 41(1) 37(1) 18(1) 11(1) 20(1) 
C(11) 24(1) 34(1) 27(1) 14(1) 5(1) 11(1) 
C(1) 24(1) 28(1) 23(1) 7(1) 8(1) 11(1) 
0(1) 26(1) 42(1) 38(1) 22(1) 13(1) 12(1) 
C(2) 23(1) 27(1) 26(1) 8(1) 7(1) 13(1) 
C(12) 28(1) 27(1) 28(1) 10(1) 8(1) 14(1) 
0(3) 52(1) 53(1) 35(1) 3(1) -7(1) 36(1) 
0(2) 46(1) 32(1) 40(1) -6(1) -11(1) 24(1) 
C(13) 68(1) 33(1) 36(1) -3(1) -14(1) 26(1) 
C(14) 34(1) 29(1) 28(1) 2(1) -4(1) 13(1) 
C(15) 38(1) 49(1) 41(1) 4(1) 11(1) 17(1) 
C(16) 43(1) 50(1) 43(1) 20(1) 10(1) 3(1) 
C(17) 55(1) 30(1) 48(1) 12(1) -5(1) 11(1) 
C(18) 62(1) 37(1) 45(1) 7(1) 11(1) 27(1) 
C(19) 55(1) 33(1) 32(1) 8(1) 12(1) 19(1) 
C(20) 30(1) 37(1) 36(1) 7(1) 10(1) 20(1) 
C(3) 30(1) 22(1) 26(1) 6(1) 10(1) 14(1) 
0(4) 39(1) 34(1) 42(1) 21(1) 14(1) 18(1) 
C(4) 24(1) 27(1) 28(1) 10(1) 10(1) 10(1) 
C(21) 29(1) 31(1) 31(1) 17(1) 13(1) 15(1) 
0(5) 28(1) 49(1) 55(1) 19(1) 20(1) 17(1) 
0(6) 39(1) 42(1) 31(1) 7(1) 14(1) 23(1) 
C(22) 67(1) 55(1) 40(1) 20(1) 30(1) 45(1) 
C(23) 27(1) 30(1) 36(1) 6(1) 7(1) 7(1) 
C(24) 33(1) 30(1) 29(1) -1(1) 3(1) 8(1) 
C(25) 62(1) 42(1) 35(1) 7(1) 18(1) 16(1) 
C(26) 58(1) 44(1) 41(1) 8(1) 19(1) 24(1) 
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Table 5. Hydrogen coordinates (x 104) and isotropic displacement parameters (A2x 
10 3) for pcbp25. 
x y z U(eq) 
H(5A) -3276 -1131 388 34 
H(5B) -1541 111 379 34 
H(7) -175 2324 2129 38 
H(8) -735 4169 3030 44 
H(9) -3467 3856 2838 43 
H(10) -5641 1680 1768 39 
H(l1) -5088 -183 879 34 
H(13A) 3686 2285 4674 60 
H(13B) 2038 2000 5038 60 
H(15) 3585 3585 3178 53 
H(16) 3736 5844 2995 60 
H(17) 2911 7274 4070 59 
H(18) 1861 6419 5301 57 
H(19) 1660 4152 5478 48 
H(20A) 2797 -1349 1809 50 
H(20B) 1034 -2720 1241 50 
H(20C) 1975 -2608 2314 50 
H(22A) -2285 914 4408 68 
H(22B) -3884 -655 4063 68 
H(22C) -3722 500 3442 68 
H(23A) -3798 -4350 1369 40 
H(23B) -4239 -3500 636 40 
H(25A) -2499 -2760 -440 73 
H(25B) -2813 -4350 -1113 73 
H(25C) -986 -3195 -452 73 
H(25D) -1700 -4110 -897 73 
H(25E) -1386 -2520 -224 73 
H(25F) -3213 -3675 -884 73 
H(26A) -1683 -5757 -16 56 
H(26B) -2357 -5721 977 56 
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Table 6 Torsion angles [0] for pcbp2S. 
C(I)-N(I)-C(S)-C(6) -94.95(16) C(13)-C(I4)-C(IS)-C(I6) -17829(16) 
C( 4)-N(1 )-C(S)-C(6) 8549(16) C(I4)-C(IS)-C(I6)-C(I7) 0.5(3) 
N(1)-C(S)-C(6)-C(7) 59.94(18) C( I S)-C(I6)-C( 17)-C( 18) -1.0(3) 
N(I)-C(S)-C(6)-C(II) -120.55(14) C(I6)-C(I7)-C(18)-C(19) 0.5(3) 
C( 11 )-C( 6)-C(7)-C(8) -0.3(2) C(IS)-C(14)-C(19)-C(18) -1.1(3) 
C(S)-C( 6)-C(7)-C(8) 179 17(14) C(13)-C(14)-C(19)-C(18) 177.73(17) 
C( 6)-C(7)-C(8)-C(9) -0.4(2) C(17)-C(18)-C(19)-C(14) 0.6(3) 
C(7)-C(8)-C(9)-C( I 0) 0.6(2) C( 12)-C(2)-C(3 )-0(4) -58.24(19) 
C(8)-C(9)-C( I O)-C( 11) -0.2(2) C(1)-C(2)-C(3)-0(4) -176.56(14) 
C(9)-C(10)-C(l1)-C(6) -0.5(2) C(20)-C(2)-C(3)-0(4) 63.91(19) 
C(7)-C(6)-C(II)-C(l0) 0.8(2) C( 12)-C(2)-C(3)-C( 4) 123 30(12) 
C(S)-C(6)-C(II)-C(l0) -178.76(13) C(I)-C(2)-C(3)-C(4) 4.98(15) 
C( 4)-N(1 )-C(I )-0(1) 17569(14) C(20)-C(2)-C(3)-C( 4) -114.55(13) 
C(S)-N(I)-C(I)-O(I) -3 9(2) C(I)-N(I )-C( 4)-C(3) 6.26(15) 
C( 4)-N(1 )-C(I )-C(2) -3.35(16) C(S)-N(I)-C(4)-C(3) -174.16(12) 
C(S)-N(I )-C(I )-C(2) 177.06(12) C(I )-N(I )-C(4)-C(23) -11403(14) 
O(I)-C(I )-C(2)-C(12) 62.52(18) C(S)-N(I )-C(4)-C(23) 65.56(17) 
N (1 )-C( 1 )-C(2)-C(12) -118.43(13) C(1 )-N(1 )-C(4)-C(21) 122.76(13) 
0(1 )-C(I )-C(2)-C(3) 179.74(14) C(S)-N(I )-C( 4)-C(21) 57.66(17) 
N(I)-C(I)-C(2)-C(3) -1.21(15) O( 4)-C(3)-C( 4)-N(I) -17482(14) 
0(1 )-C(I )-C(2)-C(20) -61.16(19) C(2)-C(3)-C(4)-N(I) -6.67(14) 
N(I )-C(1)-C(2)-C(20) 117.89(13) 0(4)-C(3)-C(4)-C(Z3) -62.63(18) 
C(3)-C(2)-C(IZ)-0(3) 99.Z9(17) C(Z)-C(3)-C(4)-C(Z3) 115.88(13) 
C(1)-C(Z)-C(IZ)-0(3) -147.75(15) O( 4)-C(3)-C( 4)-C(ZI) 58.01(18) 
C(ZO)-C(2)-C(12)-0(3 ) -23.3(Z) C(Z)-C(3 )-C( 4 )-C(ZI) -IZ3 .48( IZ) 
C(3)-C(Z)-C(IZ)-0(Z) -7994(15) N(I)-C( 4)-C(ZI)-0(S) lIZ.30(16) 
C(I )-C(Z)-C(IZ)-O(Z) 33.01(16) C(3)-C(4)-C(21 )-0(5) -135.93(15) 
C(ZO)-C(2)-C(12)-0(Z) 15746(13) C(Z3)-C( 4)-C(ZI )-0(5) -140(Z) 
0(3)-C(IZ)-0(Z)-C(13) Z 4(Z) N(1 )-C(4)-C(ZI)-0(6) -6636(15) 
C(2)-C(12)-0(Z)-C(13) -178.35(14) C(3)-C( 4)-C(ZI)-0(6) 4S.4Z(16) 
C(IZ)-0(Z)-C(13)-C(I4) 145.96(15) C(Z3 )-C( 4 )-C(ZI )-0(6) 167.3Z(1Z) 
0(2)-C(13)-C(14)-C(I9) IZ394(18) O( S)-C(ZI )-O( 6)-C(ZZ) -6.4(2) 
0(Z)-C(13)-C(l4)-C(IS) -S7.Z(2) C( 4)-C(ZI )-O( 6)-C(2Z) 172.27(1Z) 
C(I9)-C(I4)-C(IS)-C(16) 0.6(3) N(1 )-C(4)-C(Z3)-C(Z4) 55.37(18) 
C(3)-C(4)-C(Z3)-C(24) -59.84(17) C(4)-C(Z3)-C(Z4)-C(Z6) 105.19(18) 
C(ZI )-C( 4)-C(Z3)-C(Z4) 179.15(13) C(4)-C(Z3)-C(24)-C(2S) -78 43(19) 
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5.0 Appendix Section 
5.1 Appendix 1: IH NMR spectra of compound 211 at 95°C and 
25°C 
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5.2 Appendix 2: IH NMR Spectrum of Compound 272 
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5.3 Appendix 3: 13C NMR Spectrum of Compound 272 
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